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(54) Tide: MONOCLONAL ANTIBODY FRAGMENT TO HUMAN OVARIAN CANCERS 
(57) Abstract 

The biodisoibution and phannacokinetics of intact and F(ab')2 fragments of radiolabeled (>^I) monoclonal antibody (Mab) MX-35 
and a conu-ol mAB were compared in nude mice bearing xenografts of OVCAR-3 human epithelial ovarian cancer. The highest tumor to 
biood ratio was 12.8 for the F(ab')2 fragment and 1.9 for intact Mab MX-35. Maximum nimor to nomial tissue ratios were 64 for fragment 
and 12.3 for intact antibody. The maximum percent injected dose per gm (%IDg-i) of Mab in mmor was 10.4 % for F(ab')2 fragments 
and 1 6 % for intact antibody when administered intravenously and 8.2 % for F(ab*)2 fragments and 2.3 % for intact MX-35 when mjectcd 
intiaperitoneally. The finding of higher percentage ID g-» for the fragments is unexpected and is in contrast to other published studies. 



• (Referred! to in PCT Gazette No. m'1997. Section 11) 



wo 96/40295 PCTAJS96AW819 



MDNOCLONM. ANTIBODY FRAGMENT TO HOMAN OVARIAN CANCERS 



This invention was partially made with funds 
provided by the National Cancer Institute under grants 
CA-26184 and CA-08748. Acccrdingly, the United States 
Government has certain rights in this invention. 

This invention relates to a method for the 
production of monoclonal antibodies (monoclonal antibodies) 
to restrictive antigenic human cell components especially in 
human ovarian tissues. Such monoclonal antibodies have use 
in cancer diagnosis and therapy, as well as other cell 
disorders . 

Background 

Conventional antisera, produced by immunizing 
animals with tumor cells or other antigens, contain a myriad 
of different antibodies differing in their specificity and 
properties. In 1975 KOhler and Milstein (Nature, 256.495) 
introduced a procedure which leads to the production of 
quantities of antibodies of precise and reproducible 
specificity. The Kfihler-Milstein procedure involves the 
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fusion of spleen cells (from an immunized animal) with an 
immortal myeloma cell line. By antibody testing of the 
fused cells (hybridomas) , clones of the hybridomas are 
selected that produce antibody of the desired specificity. 
Each clone continues to produce only that one antibodyr 
monoclonal antibody (monoclonal antibody) . As hybridoma 
cells can be cultured indefinitely (or stored frozen in 
liquid nitrogen) , a constant, adequate supply of antibody 
with uniform characteristics is assured. 

Antibodies are proteins that have the ability to 
combined with and recognize other molecules, known as 
antigens. Monoclonal antibodies are no different from other 
antibodies except that they are very uniform in their 
properties and recognize only one antigen or a portion of an 
antigen known as a determinant. 

In the case of cells, the determinant recognized is an 
antigen on or in the cell which reacts with the antibody. 
It is through these cell antigens that a particular antibody 
recognizes, i.e. reacts with, a particular kind of cell. 
Thus the cell antigens are markers by which the cell is 
identified. 
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These antigenic markers may be used to observe the 
normal process of cell differentiation and to locate 
abnormalities within a given cell system. The process of 
differentiation is accompanied by changes in the cell 
surface antigenic phenotype, and antigens that distinguish 
cells belonging to distinct differentiation lineages or 
distinguish cells at different phases in the same 
differentiation lineage may be observed if the correct 
antibody is available. 

The preparation of hybridoma cell liner can be 
successful or not depending on such experimental factors as 
nature of the innoculant, cell growth conditions, 
hybridization conditions etc. Thus it is not always 
possible to predict successful hybridoma preparation of one 
cell line although success may have been achieved with 
another cell line. But it is often true that selected 
monoclonal antibody may be representative of a class of 
monoclonal antibody raised by a particular immunogen. 
Members of that class share similar characteristics, 
reacting with the same cell antigen. Thus the invention 
includes hybridoma cell lines and monoclonal antibody with 
like or similar characteristics. 
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Progress in defining cell surface antigens is of great: 
importance in differentiation and disease as markers for 
normal and diseased cells, thereby furthering diagnosis and 
treatment. Thus work on melanocytes was made possible by 
the recently discovered technique of culturing melanocytes 
from normal .skin (Eisinger, et al. , Proc. Nat'l. Acad, Sci, 
USA, T9 201B (March 19 82) . This method provides a renewable 
source of proliferating cells for the analysis of melanocyte 
differentiation antigens. Likewise, a large number of cell 
lines derived from melanomas have now been established and 
these have facilitated the analysis of melanoma surface 
antigens « The advent of monoclonal antibodies has greatly 
accelerated knowledge about the surface antigens of 
malignant melanoma. cell markers on both melanomas and 
melanocytes have been identified, A panel of typing 
monoclonal antibodies has been selected which recognizes 
differentiation antigen characteristics at each stage of 
development in both melanocytes and melanomas. These 
differentiation antigens may be used to classify melanocytes 
and melanomas and to group them into characteristic 
sub-sets. [Dippoldet al. Proc. Nat'l.Acad. Sci. U.S.A. 77 , 
6114 (1980) and Houghton, et al. J. Exp. Med. 156 , 1755 
(1982)]. Immunoassay of melanocytes and melanoma cells 
within sub-sets is thus made possible. 



* 
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Initial recognition of differentiation antigens 
cair.e about through analysis of surface antigens of T-cell 
leukemias of the mouse and the description of the TL^ Thy-1, 
and Lyt series of antigens. (Old, Lloyd J., Cancer 
Research, 41, 361-375, February 1981) The analysis of these 
T-cell differentiation antigens was greatly simplified by 
the availability of normal T cells and B cells of mouse and 
man. (See Patents #4,361,549-559; #4,364,932-37 and 
#4,363,799 concerning monoclonal antibody to Human T-cell 
antigens) • 

The existence of hiiman leu)cemia specific antigens 
has been suggested by studies using heterologous antibodies 
developed by immunization with human leukemic cells 
[Greaves, M.F. et al* Clin. Immunol, and Immunopathol £t67, 
(1975); Minowada, J., et al. J. Nat'l. Cancer Insti, 
£0:1269, (1978); Tanigaki, N., et al. J. Immunol. 123:2906, 
(1979)] or by using autologous antisera obtained from 
patients with leukemia IGarret, T.J., et al., Proc. Nat'l, 
Acad. Sci. USA 7£:4587, (1977); Naito, K., et al., Proc. 
Nafl. Acad. Sci. USA, 80: 2341, (1983)]. The common acute 
lymphoblastic leukemia antigen (CALLA) which is present on 
leukemia cells from many patients with non-T, non-B, acute 
lymphoblastic leukemia (N-ALL) , some chronic myelocytic 
leukemias (CML) in blast crisis and a few acute 
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T- lymphoblastic leukemias (T-ALL) was originally described 
using conventional rabbit heteroantisera (Greaves, M*F, et 
al. Supra 1 . 

By the autologous typing technique [Garret, T.J., 
et al. Supra ; Naito, K., et al. Supra 1983; Old, L.J. Cancer 
Res. 4^:361, (1981)], antibodies uniquely reacting with ALL 
cells were found in sera obtained from patients with ALL, 
and seemed to recognize very similar antigens to CALLA 
(Garret, T.J., et al. Supra ; Naito, K., et al. Supra ) . 
Another leukemia associated antigen detected by heterologous 
antisera is the human thymus leukemia (TL)-like antigen, 
which is present on thymocytes as well as leukemia cells 
(Tanigaki, N. et al. Supra ) . This antigen, is therefore, a 
normal differentiation antigen which is composed of a heavy 
chain (MV; 44,000-49,000) and light chain (MW 12,000-14,000) 
similar to the class I HLA antigens (Tanigaki, N., et al. 
Supra ) . These investigations have, however, been hampered 
by the need for vigorous absorptions with normal tissues as 
well as the relatively small quantity and low titer of the 
antisera. 

In vitro production of monoclonal antibodies by 
the technique of KOhler and Milstein, Supra has provided a 
better system for the identification and detection of 
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leukemia specific antigens, A panel of monoclonal 
antibodies detecting cell surface antigens of human 
peripheral blood lymphocytes and their precursor cells have 
been investigated in detail [Reinherz, E.L., et al. Proc, 
Nafl. Acad. Sci, USA 77j_15B8, (1980) ] • While monoclonal 
antibodies detecting antigens characteristic for different 
lymphocyte lineages can be used for classification of human 
lymphocytic leukemia [Schroff, R,W. , et al. Blood 59; 207, 
(1982)], such antibodies have only limited therapeutic 
applications. Monoclonal antibodies detecting human 
leukemia associated antigens have also been produced. These 
include several antibodies detecting the human equivalents 
of the murine TL antigens. One TL-like antigen is 
recognized by KAl/34 [McMichael, A.J., et al. Eur. J. 
Immunol. 2*205, (1979)], -OKT6 (Reinherz, E.L., et al. Supra ) 
and Leu 6 (R. Evans, personal communication). A second 
TL-like antigen is recognized by M241 (Knowles, R.W. , et al. 
Eur. J. Immunol. 12^: 676,1982). Monoclonal antibodies with 
specificities for common acute lymphoblastic leukemia 
antigens J-5 (Ritz, J., et al. Nature 283:583, 1980), NL-1 
and NL-22 (Ueda, R. , et al. Proc. Nat'l. Acad. Sci. USA 
29:4386, 1982) have also been produced. Recently, Deng, 
C-T, et al. Lancet. i^:10, 1982) reported a complement fixing 
monoclonal antibody (CALLA-2) which reacts with most 
cultured human T-ALL cell lines and also reacts with most 
fresh T-ALL cells. 
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Mouse monoclonal antibodies to hTiman tumor cell 
surface antigens have been produced in many laboratories 
(Lloyd, K.C. (1983) Ijx: Basic and Clinical Tximor Immunology, 
Vdl. 1 (R.B- Herberman, Ed.), Nijhoff, The Hague (in 
press)). The intention of these studies often has been to 
identify tumor-associated antigens that could be useful in 
tumor therapy or diagnosis. An inherent difficulty in this 
approach is the diversity of antigens on the cell surface. 
Although it has been possible to identify some antigens with 
a very restricted distribution, antibodies to antigens that 
elicit very weak immune responses may be missed due to their 
scarcity. These restricted antigens may be quite difficult 
to identify. Also, immunization with a complex mixture of 
antigens such as tximor cells may suppress the antibody 
response to relatively less immunogenic molecules, in a 
manner resembling antigenic competition (Taussig, M.J. 
(1973). Curr. Top. Micro. Immune. £0:125). Thus production 
of monoclonal antibody to restricted cell sites is an 
especially difficult taslc. The present invention provide 
cancer diagnosis and therapy and overcome problems heretofor 
encountered in the prior art with respect to ovarian and 
endometrial human cell antigens. 
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The production and characterization of mouse 
monoclonal antibodies (mAbs) to human tuxnor cells has 
recently been an active area of research in recent years. 
This effort was stimulated by many earlier immunological 
studies which suggested that existence of human 
tumor-specific antigens, but such evidence has not been 
conclusive, and has not been consistently reproduced in 
other laboratories, making the status of such antigens 
uncertain (reviewed in Old, L.J. Cancer Res. £1:361, 1981; 
Kerberman, R.B. Cancer Res. 12:207, 1974? Kedar, E., et al • 
Adv. Cancer Res. 1983; North, R.J. Adv, Immunol. 

35:89, 1984 and Weiss, P.W. , Curr. Topics Micro. Immunol. 
82:1,1980). Mouse monoclonal antibodies also have not yet 
provided conclusive identification of a human tumor-specific 
antigen, although a few possibilities have been reported 
(Schlom, J., et al. (1985) Adv. Cancer Res., 42:143-174; 
Tsuji, Y., et al. (1985) Cancer Res., 45:2358-2362; Tong, 
A.W., et al. (1984) Cancer Res., £4:4987-4992; Chin, J., et 
al. (1985) Cancer Res. £5:1723-1929) . However, monoclonal 
antibodies to many new differentiation antigens have been 
obtained, and some of these have been recognized as having 
potential value in tumor diagnosis and therapy, particularly 
if they are expressed at higher levels in tumors than in 
normal cells. It should be considered that even monoclonal 



SUBSTITUTE SHEET (RULE 26) 





wo 9^40295 



PCTAJS96A)9819 



antibodies reacting with numerous normal cell types are more 
specific than current therapeutic agents (drugs and 
radiation) • In addition several antigens identified by 
monoclonal antibodies (all of which are mucin^like) appear 
to be valuable serum markers for particular cancer types 
(Herlyn, M. , et al. (1982) J. Clin. Immunol., 2'^35-140; 
Klug, T.L., et al. (1984) Cancer Res., £4:1048-1053? Lan, 
M.W., et al. (1985) Cancer Res., 45^:305-310; Papsidero, 
L.D., et al. (1984) Cancer Res., 44:4653-4647, Hirota, M. , 
et al. (1985) Cancer Res., 45:1901-1905). 



monoclonal antibody therapy (as all cancers of other 
non-essential organs) in that tissue-specific dif ferentation 
antigens are as useful as tumor-specific antigens. However, 
monoclonal antibodies specific for a particular epithelial 
cell type have been difficult to obtain. Of the large 
number of monoclonal antibodies obtained reacting with human 
carcinomas, only a few appear to be specific for a 
particular histological type, namely the prostate (Raynor, 
R.H., et al. (1984) J. Nat. Cancer Inst., 73:617-625; 
Frankel, A.E., et al. (1982) Proc. Natl. Acad. Sci. USA, 
79:903-907), the lung (Stahel, R.A. , et al. (1985) Int. J. 
Cancer 35:11-17) and the breast (Menard, S., et al. (1983) 
Cancer Res., 42:1295-1300) and the breast, and these 
specificities have not yet been independently confirmed. 



Ovarian carcinoma is a promising target for 



10 



SUBSTITUTE SHEET (RULE 26) 



wo 96/40295 



PCTAJS96A)9819 



A number of ovarian tiunor antigens have been 
detected using xenogeneic polyclonal sera (reviewed in 
Lloyd, K.O. ( 1982) Serono Symposiui?. No, 46 (M.I. Colnagki, 
G.L. Buraggi and M. Ghrone, Eds.) Academic press. N.Y. pp. 
205-211) but none are related to the antigens of the 
invention. Other laboratories have also described 
monoclonal antibodies to human ovarian carcinoma different 
from those of the invention. Bhattacharya et al. 
(Bhattacharya, M. , et al. (1982) Cancer Res., 42; 1650-1654) 
produced an antibody to a saline-extracted antigen detected 
only in mucinous cyst adenocarcinomas of the ovary and in 
fetal intestine. Serous cyst adenocarcinomas, the most 
common ovarian carcinoma, did not contain this antigen. 
Bast £t al. produced an antibody (OC 125) reactive with an 
antigen present on 6/6 ovarian carcinoma cell lines and one 
melanoma of 14 non-ovarian cell lines tested. This antibody 
reacted with sections of 12/20 ovarian carcinomas and was 
nonreactive with 12 non-ovarian carcinomas and with most 
normal tissues, including normal adult and fetal ovary. 
Weak reactivity was observed with adult fallopian tube, 
endometrium and endocervix (Bast, R.C. , et al. (1981) J. 
Clin. Invest., £8:1331-1336; Kabawat, et al. (1983) 

Amer. J. Clin. Pathol., 79:98-104). 
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We herewith incorporate by reference our previous 
work in the field namely U.S. patent application S.N. 
562,465, and Intern J. of Gynocol. Pathol. £:121 (1985) 
concerning mAbs MH94, MF116, MD144, MH55, MFSl, MH94 and 
MH99; also U.S. patent application 764,862 and J. Histochem* 
and Cytochem (1985) 32:1095-1102 concerning xnAbs MU78, MT334 
and MQ49 and U.S. patent application S.N. 556,579 and 
Kybridoma 2ipp 253-264 (1983) concerning itiAb MH99. 

Suimnary 

Monoclonal antibody for ovarian cancers described. 
The antigenic profile of each of these monoclonal antibodies 
is presented with both serological and tissue reactivity 
studies in cancer and normal cell lines and tissue sections. 
These monoclonal antibodies form a panel useful for the 
diagnosis and therapy of ovarian cancers. 

Ovarian epithelial cells form a simple cuboidal 
epithelium, and have no )cnown function that distinguishes 
them from other epithelial cells; it is possible that there 
is no marker unique to these cells. 
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Also provided by this invention is an F(ab')2 fragment of the 
monoclonal antibody MX35. 

This invention also provides a method of detecting human ovarian 
cancer in a subject which comprises obtaining a suitaible sample 
from the subject, contacting the suitable sample with an amount of 
the aforementioned F(ab')2 MX35 fragment, labeled with a detectable 
marker, effective to and under conditions permitting the fragment 
to form a complex with an antigen present on human ovarian cancer 
cells if present in the sample, and detecting any complexes so 
formed, thereby detecting human ovarian cancer in the subject , 

This invention further provides a method of treating human ovarian 
cancer in a subject which comprises administering to the subject an 
amount of the aforementioned MX35 fragment, conjugated to a 
therapeutic agent, such as a radioactive therapeutic agent, 
effective to treat human ovarian cancer. 

This invention further provides a method of detecting human ovarian 
camcer in a siibject which comprises administering to the subject an 
amount of the aforementioned MX35 fragment, labeled with a 
detectable marker^ effective to and under conditions permitting the 
fragment to specifically form a complex with an antigen present on 
human ovariaui cancer cells if present within the subject, and 
detecting the detectable marker labelling the antibody so 
complexed. 

P^tftllod Description o£ the Invention 

This invention provides an F(ab')2 fragment of the monoclonal 
antibody MX35. 

Also provided is the F(ab')2 MX35 fragment labeled with a detectable 
marker. Detectable markers useful in the subject invention can 
readily be ascertained by those of ordinary skill in the art. 
Useful detectable marker include, but are not limited to, enzymes, 
for example alkaline phosphatase or horseradish peroxidase; 
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substrates for enzymes; compounds capable of fluorescing, for 
exan^jle fluorescein; and radioactive marker. Examples of 
radioactive markers useful for the subject invention include, but 
are not limited to, radioactive isotopes, for example radioactive 
iodine such as or ^"l, radioactive technetium, and radioactive 
indium, and compounds containing such radioactive isotopes. Other 
detectable markers may be found by those of ordinary skill, and 
such markers are useful for purposes of the subject invention. 

This invention also provides the aforementioned FCab')^ MX35 
fragment conjugated to a therapeutic agent. Therapeutic agents 
useful for the subject invention are those therapeutic agents which 
kill cancer cells, that is cells having a malignant phenotype. 
Therapeutic agents capable of killing cells having a malignant 
phenotype are well known to those of ordinary skill in the art, and 
any such therapeutic agent may be used in the subject invention. 
Useful therapeutic agents include drugs capable of killing 
malignant cells, for example doxorubicin; toxins; bacterial toxins, 
for example cholera toxin; and radioactive therapeutic agents, such 
as radioactive isotopes, for example radioactive technetium, 

and radioactive indium, or compounds containing such radioactive 
isotopes . 

This invention also provides a method of detecting humam ovarian 
cancer in a subject which comprises obtaining a suitable sample 
from the subject, contacting the suitable sample with an amount of 
the aforementioned F{ab')2 MX35 fragment, labeled with a detectable 
marker, effective to and under conditions permitting the fragment 
to form a complex with an antigen present on human ovarian cancer 
cells if present in the sample, and detecting any complexes so 
formed, thereby detecting human ovarian cancer in the subject. 

Suitable samples for purposes of the subject invention include 
tissue samples, such as tissue biopsies. The tissue sample may be 
obtained from normal-appearing ovarian tissue. In one embodiment, 
the normal -appearing ovarian tissue sample is obtained from a 
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sxibject who may be predisposed to developing ovarian cancer, for 
example a subject whose family has a history of ovarian cancer. 
The tissue sample may, however, be obtained from abnormal -appearing 
tissue, for example from a growth or tumor. Such abnormal - 
appearing tissue may be abnormal -appearing ovarian tissue, but may 
also be abnormally-appearing tissue of any organ in the peritoneal 
cavity of a subject. 

Another suitable sample is a fluid sample, such as, but not limited 
to blood, plasma, serum, mucus (for example cervical mucus) , fluid 
obtained from the peritoneal cavity, including ascites fluid (i.e. 
fluid which has collected in the peritoneal cavity of a subject as 
a result of infection occurring, for example, from a growth or 
tumor) . 

Other suitable samples useful for the subject invention may be 
ascertained by those of ordinary skill in the art. 

Complexes are detected by detecting the detectable marker labelling 
the antibody fragment, and the means of detection will depend on 
the particular detectable marlcer chosen for use in the subject 
invention. For example, if the detectable marlcer is an enzyme, 
antibody fragment -antigen complexes may be detected by contacting 
the sample with a substrate for the enzyme and monitoring 
production of the enzyme product. As another example, if the 
detectable marker is a radioactive marker, the antibody fragment- 
antigen complexes may be detected by X-ray, by counting radioactive 
emissions, or by scintillation counting. An appropriate detection 
meams may be ascertained by those of ordinary skill in the art. 

In one embodiment, detecting human ovarian cancer in the subject 
comprises detecting a micrometastatic tumor or micrometastatic 
tumors in the suitable sample obtained from the stibject. A 
micrometastatic tumor is a small tumor which has metastasized from 
an ovarian cancer tumor. In one embodiment, a micrometastatic 
tumor is less than about 1.5 cm in diameter. In another embodiment 
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a micrometastatic tumor is less than about 1 cm in diameter. In a 
further, a micrometastatic tumor is less than about 5mm in 
diameter, and in another embodiment a micrometastatic tumor is less 
thcui about 1mm in diameter. 

In another embodiment, detecting human ovarian cancer in the 
subject comprises detecting an epithelial ovarian carcinoma or 
epithelial ovarian carcinomas in the subject. 

This invention further provides a method of treating human ovarian 
cancer in a subject which comprises administering to the subject an 
amount of the aforementioned MX3 5 fragment, conjugated to a 
therapeutic agent, such as a radioactive therapeutic agent, 
effective to treat human ovarian cancer. 

For purposes of the sxibject invention, "treating human ovarian 
cancer" means killing ovarian cancer cells. Note that the ovarian 
cancer cells are not limited in location in the ovaries, but may 
conqprise metastases or may be shed ovarian cancer cells located in 
other parts of the subject's body, for example in the peritoneal 
cavity of the subject. 

Suitable modes of administration of antibody fragments are known in 
the art, and such method may be used in the invented treatment 
method. Examples of suitable forms of administration include 
intravenous injection and intraperitoneal injection. 
Administration may comprise administering the subject antibody 
fragment into the subject's peritoneal cavity. 

The effective amoxint may be determined by methods known in the art. 
Typically, the subject is given a small dose of the antibody 
fragment conjugated to the therapeutic agent, and the dosage is 
increased until the subject cannot tolerate adverse side effects 
caused by the antibody fragment -conjugated therapeutic agent. 

In one embodiment of the aforementioned method of treatment, the 
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human ovarian cancer cells comprise a micrometascacic cumor or 
micromerascat:lc tumors. Micromecascatic tumors are described 
above. 

This invention further provides a method of detecting human ovarian 
cancer in a subject which comprises administering to the subject an 
amount of the aforementioned MX35 fragment, labeled with a 
detectable marker, effective to and under conditions permitting the 
fragment to specifically form a complex with an antigen present on 
human ovarian cancer cells if present within the subject, and 
detecting the detectable marker lcd>elling the antibody so 
complexed. 

Appropriate methods of detection, as described aibove, depend on the 
chosen detectable marker. As described above, an appropriate 
method of detection can be determined by one of ordinary skill in 
the art. 

In one embodiment of the above -described invented method of 
detecting human ovarian cancer in a subject, detecting human 
ovarian cancer in the subject comprises detecting a micrometastatic 
tumor or micrometastatic tumors in the subject. Micrometastatic 
tumors are as described above. In a further embodiment, the 
micrometastatic tumor or micrometastatic tumors are located in the 
subject's peritoneal cavity. 

Suitable modes of administration include intravenous injection and 
intraperitoneal injection- Administration of the antibody fragment 
labelled with the detectable marker may comprise administering the 
fragment into the subject's peritoneal cavity. 

This invention will be better understood from the Examples in the 
experiments which follow* However, one skilled in the art will 
readily appreciate that the specific methods and results discussed 
are merely illustrative of, and are not intended to, nor should 
they be construed to, limit the invention as described more fully 
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We have investigated monoclonal antibodies to 
ovarian carcinomas for 5 years in an attempt to identify 

tumor-specific or tissue-specific markers (Mattes^ M,J., et 

al. (1984) Proc. Nat'l, Acad. Sci. USA, £1:568-572; 

Cordon-Cardo, C. , et al. (1985) Int. J. of Gynocol. Pathol., 

j4:121-130? Mattes, M.J., et al. (1985) J. Histochem. 

Cytochem., 32:1095-1102). Initially cell lines were used 

for irjr.unization and screening. Since ovarian carcinoma 

cell lines are very rare, and are likely to be 

nonrepresentative of tumors occurring in vivo, we began 

another study in which we immunized mice with fresh tumor 

specimens, and used frozen tissue specimens as targets for 

screening. Here we describe 3 mAbs produced in this way, 

and a fourth, previously undescribed, produced earlier by 

immunization with an ovarian carcinoma cell line. These 4 

monoclonal antibodies react with most of all fresh ovarian 

carcinomas and with a distinct range of normal epithelial 

cells. We describe their reactivity with fresh ascites 

carcinoma cells, and their lack of reactivity with normal 

mesothelium; these properties show a potential use in the 

effective intraperitoneal immunotherapy. We here describe 

the reactivity of these monoclonal antibodies on a large 

panel of normal and malignant cell lines and on frozen 

sections of normal human tissues, as well as some 

biochemical characteristics of the antigens recognized. 
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Target cells. 



The origin and culture of cell 



lines derived form human tumors, normal human fibroblasts 
and normal kidney epithelial cells have been described 
(Mattes, M.J., et al. Proc. Natl, Acad. Sci. USA (1984) 
Supra ) . A summary of the cell lines used is given in Table 
I. Normal tissues were obtained at surgery or autopsy. The 
ovarian cyst used for screening hybridoma supernants was a 
serious cystadenoma. Ovarian adenocarcinomas tested 
included serous (7 specimens) , endometrioid (2) and mucinous 
(1), tumor cell liver was obtained from human cancer 
serology laboratory and further tissue specimens from Dr. C. 
Cordon-Cardo and Dr. Virginia K. Pierce at SKI. Tissues 
were covered with O.C.T. Compound (Miles laboratories, 
Elkhart, IN) and frozen in a slurry of 2-methyl-butane 
cooled in liquid nitrogen. 

Production of mouse monoclonal antibodies . The 
monoclonal antibodies described were obtained from 3 
fusions. For the generation of MT179, (Balb/c X C57BL/6)ri 
mice were immunized the the ovarian carcinoma cell line 
SK-OV-4. Intraperitoneal injections of approximately 0.1 ml 
of packed cells were given twice at an interval of two 
weeks. The other monoclonal antibodies were obtained after 
immunizing mice with a mixture of 4 fresh ovarian carcinoma 
specimens, including 2 samples of ascites cells and 2 solid 
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tumors, using approximately 10^ x cells of each specimen. 
The mixture was suspended in 1.0 ml and injected i.p. three 
times at 3 week intervals. To immunize with solid tumor 
specimens, fragments of frozen tumor were thawed, placed in 
approximately 2 volumes of Dulbecco's phosphate-buffered 
saline (DPBS"', Gibco, Grand Island, NY), teased with 
scalpels and pressed through a fine still screen. This 
preparation was stored frozen for subsequent injections. 
Ascites cells were prepared as described in the accompanying 
paper; after thawing, they were washed once with DPBS. 
Three days after the last injection, the fusion of immune 
spleen cells with mouse myeloma MOPC-21 NS/1 cells was 
performed as described (Mattes, M.J., et al. (1983) 
Hybridoma 2-253-264). Initially cells were plated in 480 
wells (Costar #3524, 24-well plates). Hybridoma cultures 
were subcloned at least twice by limiting dilution in 
9 6-well plates on a feeder layer of normal mouse spleen 
cells. For mAb at MT179, culture supernatants were tested 
for antibody activity on a panel of cultured cells 
consisting of immunizing cell line and other types of human 
tumor cells. For the other monoclonal antibodies, 
supernatants were tested for reactivity on cryostate 
sections of a benign ovarian cyst. The specificity of 
epithelial-specific supernatants was tested further on 
various frozen sections, cell lines, and ABO blood 
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group-related antigen preparations, as described below. 
Since several months were required for this specificity 
analysis, cells from all original wells were frozen in 10% 
dimethyl sulfoxide, using 2 vials for each well, just after 
the original supernatants were collected. For cloning, 
cells were thawed, grown briefly in a well of a 24-well 
plate, re-tested for antibody activity and cloned using our 
usual procedure above. Cloned hybridoma cells were injected 
subcutaneously into nu/nu mice. Sera from mice with 
progressively growing tumors were collected and used for 
serological and biochemical characterization. Antibody 
subclass was determined by inununodif fusion in agar with 
anti-Ig heavy chain-specific reagents (Bionetics, 
Kensington, MD) . 

Serological procedures . Red cell resetting 
methods for adherent cultured for 1-4 days and nonadherent 
target cells were carried out as described previously (Farr, 
A.G., et al. (1981) J. Immunol. Methods 47:129-144; Graham, 
R.C., et al. (1965) J. Histochem. Cytochem. 13:150-152). 
The immune Resetting assay was done as described (Carey, 
T.E., et al. (1976) Proc. Natl. Acad. Sci. USA 73:3278. For 
adherent target cells, 200-500 trypsinized cells were plated 
in 0.01 ml in wells of Terasa)ci plates (Falcon Microtest 
plates 3034) and cultured for 1-4 days. Nonadherent target 
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cells were attached to the wells by pretreating the wells 
for 4 5 min. at room temperature with Conconavalin A (Con A, 
grade IV, Sigma Chemicals, St. Louis Mo) at 1.0 mg/ml in 
DPBS. After washing the plates twice and blotting, target 
cells in DPBS were added and incubated for 4 5 min at room 
temperature. Mattes, M.J. et al. J, Immunol. Meth 61:145 
(1983). To test for neuraminidase sensitivity,, target cells 
were treated for 1 hr at 37 with Vibrio cholerae 
neuraminidase (Calbiochem-Behring, La Jolla, CA) diluted 
1:10 in 0.05 M citrate buffer pH 5.5, 0.1 M NaCl, 0.01 K 
CaC12. 

Cytoplasmic antigens were detected using an 
immunoperoxidase method as described (Farr, A.G., et al. 
(1981) J. Immunol. Meth. 47:129; Graham, R.C. Jr., et al. 
(1965) J. Histochem. Cytochem. 12:150-152) washed twice with 
PBS, then fixed with 2.0% buffered formaldehyde (Farr, A.G., 
et al. (1981) J. Immunol. Methods 47:129-144) for 30 min. 
All incubations were at room temperature. After 2 washes 
with PBS, they were incubated with 0.05% NP40 in PBS for 15 
min. After 2 washes with PBS, 5% fetal bovine serum (FBS) ^ 
monoclonal antibody was added, starting with a 1:500 
dilution. After a 45 min incubation, plates were washed 
twice and peroxidase-con jugated rabbit anti-mouse Ig (DAKO 
P161, Accurate Chemicals, Westbury NY) was added (prepared 
immediately before use by mixing 1.0 ml 0.05 M acetate 
buffer pH 5.0, 0.05 ml 3-amino-9-ethyl carbazole at 4.0 
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mg/ml in N , N-dimethylf ormamide , and 0.005 ml 3.0% hydrogen 
peroxide (Graham, R.C. Jr., et al. (1965) J. Histochem. 
Cytochem. JL3: 150-152) . After IS min, the plates were washed 
twice with PBS, once with water, and examined. 

Immunoperoxidase staining of tissue sections using 
the ACC method was also carried out as described previously 
(Mattes, M.J., et al. (1985) J. Histochem. Cytochem. 
33: 1095-1102) . 

Procedures for absorption of Ab activity, using 
cells scraped from culture flasJcs, have been described 
iHirota, M. , et al. (1985) Cancer Res. 45:1901-1905]. To 
test heat stability of antigens, cells were heated to 100*C 
for 5 min, then washed once before use in absorptions. 
Blood leukocytes and erythrocytes were tested by 
immunofluorescence as described (Mattes, M. J. , et al. (1984) 
Proc. Natl. Acad. Sci. USA 82:568-572), using the monoclonal 
antibody at 1/50 and f luorescein-con jugated goat anti-mouse 
IgG (Cappel Laboratories, Cochranville , PA) at 1/40. 
Reactivity with blood group A, B, H, Lewis^, Lewis*^, X and Y 
determinants (Lloyd, K.O. , et al. (1968) Proc. Natl. Acad. 
Sci. USA £1:1470-1477) was determined by a solid phase 
enzyme-linked immunoassay as described (Lloyd, K.O., et al. 
(1983) Immunogenetics r7:537-541) , except that the antigen 
preparations were dissolved in water. 
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Biochemical analysis . Each antibody was tested 



for its ability to precipitate an antigen from the spent 
medium and from detergent-solubilized cell extracts after 
labeling by 3 methods: metabolic incorporation of 
[^Hlglucosamine (Mattes, M.J., et al, (1984) Proc. Natl. 
Acad. Sci, USA, 8^:568-572), metabolic incorporation of 
[^^Sjmethionine (Mattes, M.J., et al. (1984) Supra ) or 
chloramine T " I labeling of solubilized cell membranes 
(Mattes, M.J., et al. (1983) Hybridoma £:253-264). NP40 
solubilization of labeled cells (Mattes, M.J., et al. (1983) 
Supra ) and immunoprecipitation procedures (Mattes, M.J., et 
al. (1984) Supra ) have been described previously. To test 
heat stability, radio labeled extracts were heated at 100 
for 5 min; precipitated proteins were removed by 
centrifugation (7,000 rpm, 15 min), then standard 
imjT.unoprecipitations were performed. Preparation of 
chlorofom; methanol, 2:1 cell extracts and their use in 
inhibitions assays has been described (Mattes, M. J. , et al . 
(1984) Supra ) . 

The examples below are for illustrative of the 
invention without limiting it. 
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Example I 

Of the 4 monoclonal antibodies described here, 
one, MT17 9, was produced by immunization and screening with 
an ovarian carcinoma cell line, SK-OV-4. The assay employed 
was immunoperoxidase staining of fixed and permeabilized 
cells, which was intended to detect primarily cytoplasmic 
antigens. Initial selection of hybridomas to be cloned was 
based on nonreactivity with a panel of melanomas and 
astrocytomas r so we expected that monoclonal antibodies 
restricted to epithelial differentiation antigens would be 
selected. Other monoclonal antibodies produced from the 
same fusion were previously described (Mattes, M. J. , et al. 
(1985) J. Histochem. Cytochem. , 32- ^O^^^^^O^) . Three other 
monoclonal antibodies were obtained by immunization and 
screening with fresh tissue specimens. Immunization was 
with a mixture of 4 fresh ovarian carcinomas, as described. 
The mAbs were screened on cryostat sections of a benign 
serous ovarian cyst. This cyst specimen was chosen because 
the lining epithelial cells appeared morphologically similar 
to the simple cuboidal epithelial cells of the normal ovary, 
but were preserved better than normal ovarian epithelial 
cells in frozen sections. Therefore, this screening was 
primarily designed to detect tissue-specific epithelial 
differentiation antigens. Initial selection of hybridomas 
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was on the basis of reactivity with epithelial cells and 
non-reactivity with connective tissue and blood vessels in 
the sections. Cf 393 supernatants tested, 16 were 
epithelial-specific. A much larger number, roughly 1/3 of 
the total supernatants, showed reactivity with all cells in 
the section. Before subcloning, we performed additional 
tests of specificity, in an effort to select 

ovarian-specific monoclonal antibodies. The 16 supernatants 
were tested on sections of normal colon and the 5 
supernatants, which were negative were retained, these 
supernatants were also negative on normal skin. Since many 
epithelial differentiation antigens have been identified as 
ABO blood group-related antigens, we tested these five 
supernatants on a panel of mucins containing the antigens A, 
B, o, Le^, Le^, X and Y. Two of the supernatants reacted 
with the A antigen. The remaining 3 supernatants, 
designated MW162, MW207 and MX35, were then tested against 
cryostat sections of 5 solid ovarian tumors; all 3 reacted 
with 5/S specimens. They were then tested on a panel of 30 
cell lines, including ovarian carcinomas, other carcinomas 
and other tiamor types. This was done partially to confirm 
the specificity of the antibodies, but also to select 
positive cell lines which could then be used as targets for 
screening subclones. Target cells were tested by 2 assays: 
a resetting assay to detect cell surface antigens and an 
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immunoperoxidase assay on fixed, penneabilized cells to 
detect primarily cytoplasmic antigens. All three 
supernatant antibodies reacted with some ovarian carcinoma 
cell lines and were negative on melanoma and astrocytoma 
cell lines; they also reacted with some non-ovarian 
carcinoma cell Lines. Frozen cells from these three 
original wells were thawed, established in culture, tested 
for retention of reactivity, then cloned twice by limiting 
dilution before expansion. 

The four monoclonal antibodies described were all 
non-reactive with blood leukocytes and erythrocytes by 
immunofluorescence. Also, they did not react with any of 
the ABO blood group^related antigen preparations tested. 

MT179 . Ab MT179 is an IgGl. Although it reacts 
strongly in immunoperoxidase assays, it has not precipitated 
a detectable component from ovarian carcinoma SK-'0V-'4 or 
colon carcinoma SW 4 80 cells labeled with [^^S] methionine, 
I ^H] glucosamine of ^^^I. In absorption experiments, the 
antigen was destroyed by heating at 100^ for 5 min, 
suggesting that it is a protein. MT179 was detected 
initially by immunoperoxidase staining of fixed, 
permeabilized tissue culture cells, which produced 
cytoplasmic staining, but MT179 was also detected on the 
cell surface of SK-OV-4 by a resetting assay. 
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In frozen sections, MT179 was detected in a number 
of normal epithelial cells, nair.ely in the colon, lung, skin, 
pancreas and breast (Table 1) . Other epithelial cells and 
all non-epithelial cells were negative. MT179 was detected 
also in sections of 8/10 ovarian carcinomas. Expression in 
147 tissue culture cells lines is summarized in Table 2. 
MT179 was detected by immunoperoxidase staining in 3/8 
ovarian carcinomas (SK-OV-4, SW626, A7) , 2/2 uterine 
carcinomas (SK-UT-2 . ME-180) , 9/11 colon carcinomas (SW480, 
SW620, SM1116, SW1222, SW1417, SK-CO-1, -13, CaCO-2, 4JJ , 
5/9 bladder carcinomas (Scaber, RT4 , 5637, JON, SW780) , 3/4 
pancreatic carcinomas (CAPAN-1, -2, A3), 8/11 lung 
carcinomas (SK-LC-2, -3, -4, -5, -7, -9, -11, -12) 2/5 
breast carcinomas (MCF-7, SK-BR-7) , 2/17 renal carcinomas 
(SK-RC-17, -35), 1/2 prostate carcinomas (DU145) , 1/1 bile 
duct carcinomas (Charles) and 1/1 choriocarcinoma (SVCC) , 
with a reciprocal titer ranging from 500-8,000. It was 
negative on 21 melanomas, 16/17 astrocytomas, 5 
neuroblastomas and 26 hematopoietic tumors of various types. 
Regarding cultured normal cells, 3 fibroblast cultures were 
negative and 2/3 Icidney epithelial cultures were positive. 

MW162 . MW162 is an IgM. It precipitated an 
antigen from [^H] glucosamine labeled SK-OV-6 that migranted 
at the top of a 9% acrylamide gel (greater than 300,000 
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daltons) • The antigen could still be precipitated after 
incubating the labeled extract at 100 for 5 min. These 
characteristics suggest that the antigen is a carbohydrate 
determinant on a mucin or proteoglycan. The antigen was not 
detectably precipitated from cell extracts labeled with 
[^^S]methionine or ^^^I, Reactivity of MW162 with SK-OV-4 
was not affected by pretreatment of the cells, after 
permeabilization, with neuraminidase. The antigen was not 
detected, by inhibition, in a glycolipid fractions of 
SK-OV-6 prepared by chloroform: methanol extraction. 

In frozen sections, MW162 was detected in many 
epithelial cells, namely in the esophagus, stomach, 
bronchus, lung, kidney distal tubules, pancreas, thyroid, 
uterus and breast (Table 2. Other epithelial cells, such as 
in the colon and skin, were negative, as were all 
non-epithelial cells examined. The antigen was detected in 
frozen sections of 10/10 fresh ovarian carcinomas. Often 
staining in sections was concentrated at the luminal edge of 
cells. 

Its distribution in 105 tissue culture cells is 
shown in Table 2. It was detected most readily in the 
cytoplasm by immunoperoxidase staining, so this assay was 
used for screening tissue culture cells; the antigen was 
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detected weakly and inconsistently on the cell surface by 
resetting. It was detected in 5/8 ovarian carcinomas 
(SK-OV-3, -4, -6, Colo 316, AlO) , 2/9 colon carcinomas 
(SW1116, SW1222), 3/6 bladder carcinomas (JON, VM-CUB-1, 
-2), 2/3 pancreatic carcinomas (CAPAN-l, -2), 6/8 lung 
carcinomas (SK-LC-1, -3, -7, -8, -17, -21), 4/4 breast 
carcinomas (MCF-7, SK-BR-5, -7, CAMA) , 2/11 renal carcinomas 
{SK-RC-7, -18) and l/l choriocarcinoma (SVCC) , with a 
reciprocal titer ranging from 500-2,000. It was negative on 
10 melanomas, 10 astrocytomas, 4 sarcomas and 20 
hematopoietic tumors of various types. Regarding normal 
cultured cells, it was negative on 4 fibroblast cultures and 
positive on 3/3 kidney epithelial cultures. 

MW207 . MW207 is an IgGl. Of the antigens 
described here, it is the only one that was recognized 
initially as a cell surface antigen, so the resetting assay, 
rather than the immunoperoxidase assay, was used to screen 
cell lines. It has not precipitated a detectable component 
from ovarian carcinoma SK-OV-6 or renal carcinoma SK-RC-18 
labeled by any of the 3 isotopes described in Materials and 
Methods. In absorption experiments, it was destroyed by 
heating to 100 for 5 min, suggesting that the determinant 
recognized is a protein. [Three ml of packed cells absorbed 
all detectable Ab activity, while 10 times more heat-treated 
cells had no absorption activity.] 
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In frozen sections, MW207 was detected on certain 
epithelial cells only, namely in the bronchus, lung, kidney 
proximal tubules, pancreas thyroid, uterus and breast (Table 
1. In the pancreas, only the cells lining ducts were 
stained (Fig. 2). MW 207 was also detected in sections of 
10/10 ovarian carcinomas. On 103 cell lines (Table 2) MW207 
was present on 5/8 ovarian carcinomas (SW626, A7, AlO, 
SK-OV-3, -6), 5/9 colon carcinomas (SW620, SW837, SW116, 
SW1222, SK-CO-10) , 1/6 bladder carcinomas (VM-CDB-1) , 2/3 
pancreatic carcinomas (CAPAN-2, ASPC-1) , 6/8 lung carcinomas 
(SK-LC-l,-7,-8,-14,-21,LcLL) , 3/4 breast carcinomas (MCF-7, 
SK-BR-5, -7), 10/11 renal carcinomas (SK-RC-1, -7, -10, -15, 
-18, -29, -33, -42, -45, Caki 1), 1/1 teratocarcinomas 
(Tera-1) and 1/1 choriocarcinoma (SVCC) with reciprocal 
titers ranging from 10^ to 10^. The most strongly reactive 
target cells included carcinomas of the ovary, colon, 
bladder, lung, breast and kidney. MW207 was negative on 10 
melanomas and 18 hematopoietic tumors, but reacted weakly 
with 2/10 astrocytomas and 1/4 sarcomas. Hence this Ab 
appears to be not strictly restricted to epithelial cells, 
although in frozen sections only epithelial cells were 
detectably stained. Regarding normal cells, MW2C7 was 
negative on 4 fibroblast cultures and positive on 2/3 kidney 
epithelial cell cultures. 
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MX35. MX35 is an IgGl. Although it reacted 
strongly in immunoperoxidase assays, it has not precipitated 
a detectable component from ovarian carcinoma SK-OV-6 or 
renal carcinoma SK-RC-18 cells, labeled by any of the 3 
isoptopes described above. Heat stability could not be 
determined by absorption experiments, since the AB activity, 
diluted to near the endpoint, was not absorbed by an equal 
volume of unheated packed AlO cells, due perhaps to a low 
level of antigen exposure in scraped cells. MX3 5 was 
initially recognized as a cytoplasmic antigen, but was also 
detected by resetting on the cell surface of the ovarian 
carcinoma line AlO, 



epithelial cells of the normal bronchus, lung, kidney 
collecting ducts, thyroid and uterus (Table 1). All other 
tissues examined were negative • MX35 was also detected in 
sections of 10/10 fresh ovarian carcinomas. Staining was 
often concentrated at the luminal edge of cells. In tissue 
culture cell lines, MX35 expression was rare (Table 2), 
being detected on only 3/8 ovarian carcinomas (A7 , AlO, 
SK-OV-6), 1/8 lung carcinomas (SK-LC-1) and 3/11 renal 
carcinomas (SK-RC-18) , -33, -53), with reciprocal titer of 
500-32,000. The most strongly positive cell lines were 
SK-LC-1, SK-RC-18 and SK-RC-53. Since, as noted above. 



In frozen sections, MX35 was detected in 
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10/10 fresh ovarian carcinomas were positive, the data 
suggests that this antigen may be lost during adaptation of 
tumor cells to tissue culture* Regarding normal cells, MX35 
was negative on 4 fibroblast cultures and positive on 1/3 
kidney epithelial cell cultures. Considering the results 
with both normal tissues and cell lines, MX35 is the most 
restricted of the antigens described here. 

We have described above 4 distinct epithelial 
differentiation antigens identified by monoclonal 
antibodies • From their distribution on normal tissues and 
cell lines, it is clear that the 4 antigens are different 
from each other. We are not aware of antigens described by 
other investigators that are likely to be identical to 
these. Three of the monoclonal antibodies did not 
precipitate a detectable radio-labeled component, so little 
is known about the biochemical nature of the antigens 
recognized. The reason for the lack of immmunoprecipitation 
is not known, but possibilities include the following: 1) 
The antigen recognized is a minor cell constituent with a 
slow turn-over, so is not labeled adequately. 2) The 
antigen lacks glucosamine, methionine and tyrosine. 3) The 
antigen is either not extracted or denatured by the 
detergents used to solubilize the cells. MT179 and MW207 
were heat labile, suggesting that they are proteins. 
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MAbs to differentiation antigens have a nxunber of 
possible applications in cancer diagnosis and therapy as 
well as in more basic studies for cell biology and 
differentiation. In the example, we describe results 
of irjnunofluorescent staining of fresh ovarian carcinoma 
ascites cells, using these 4 monoclonal antibodies, which 
suggest that they are potentially useful in intraperitoneal 
therapy of such tumors. In addition, these Abs would 
probably be helpful in identifying rare carcinoma cells in 
peritoneal washings or lymph nodes, as has been described 
with other mABs (Ghosh, A.K, , et al. (1983) J. Clin. Pathol. 
16:1150-1153; and Johnston, W.W. , et al. (1985) Cancer Res., 
45^: 1894-1900). Also, a significant number of 
intraperitoneal carcinomas derive from an unknown or 
uncertain primary. These monoclonal antibodies can be 
helpful in determining the origin of the primary, but such 
an application would require prior extensive tests with 
frozen sections of tumors of )cnown histological types. MX35 
seems most useful in this regard, since it is the most 
restricted of the antigens described here, being negative on 
carcinomas of the colon, bladder, pancreas and breast, but 
positive on a proportion of carcinomas of the ovary, lung 
and kidney. Sections of 10/10 ovarian carcinomas (the only 
type of carcinoma tested) were positive. Although many 
normal epithelial cells express these antigens, there may be 
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certain tissue types in which the antigens are markers of 
malignancy. For example, MW162 and MW207 were negative on 
the normal colon, but were positive on some colon carcinoma 
cell lines. Further studies on cryostat sections of 
carcinomas of various types are required to investigate this 
possibility. Also, considering that most cancer serum 
markers defined by monoclonal antibodies have been 
characterized as mucins (Herlyn, M. , et al. (1982) J. Clin. 
Immunol. 2:135-140; Klung, T.L., et al. (1984) Cancer Res., 
£4:1048-1053; Len, M.S., et al . (1985) Cancer Res., 
£5:305-310; Papsidero, L.D. , et al. (1984) Cancer Res., 44 ; 
4653-4647; Hirota, M. , et al. (1985) Cancer Res., 
£5^:1901-1905), the mucin-like antigen identified by MW162 
should be a potential serxim marker. 

We have not yet obtained monoclonal antibodies to 
tumor-specific or tissue-specific antigens, and this 
negative result warrants some discussion. Other 
laboratories have had similar results, although one report 
of ovarian carcinomas tumor-specific monoclonal antibodies 
has recently appeared (Tsuji, Y. , et al. (1985) Cancer Res., 
£5:2358-2362). We have performed 22 fusions after 
immunizing mice with various ovarian carcinoma cell lines. 
From these fusions, monoclonal antibodies that are tumor-or 
tissue-specific would have been detected, if they were 
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present on the immunizing cell line. We conclude that more 
restricted antigens, possibly: i) Do not exist; 2) Are not 
readily detected by current methods; or, 3) Are not present 
cn cell lines. The few ovarian carcinoma cell lines are not 
likely to be representative of in vivo tumors; the 
difficulty in establishing new lines of ovarian and other 
carcinomas (except renal) is well known. In this paper we 
present our results of 2 initial fusions using fresh tissue 
as immunogen and screening target, and we believe further 
similar studies will be productive. The strategy of 
freezing uncloned hybridomas, to allow time for specificity 
testing on frozen sections, made this approach possible, and 
should be widely applicable. 

Example II 

Example for Therapy 

We have attempted to select monoclonal antibodies 
that might also be effective agents for diagnosis and 
intraperitoneal therapy or radioimmunodetection of human 
ovarian carcinoma. Antibodies were tested for reactivity 
with the surface of fresh ovarian carcinoma ascites cells, 
and for non-reactivity with normal mesothelial cells. The 
antibodies tested included 33 that had been identified 
previously as reacting with epithelial differentiation 
antigens. Five antibodies were selected with the desired 
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specificity, MH99, MTl79r MW162, MW207 and MX35, and these 
antibodies also reacted with cryostat sections of most of 
all ovarian carcinomas and benign ovarian cysts. All 
reacted also with certain normal epithelial cells. We also 
observed that the degree of heterogeneity of antigen 
expression on ascites carcinoma cells was dependent on the 
particular antigen being examined, and related to the 
biochemical nature of the antigen. In particular, most ABO 
blood group-related antigens showed a striking degree of 
heterogeneity. The rationale for intraperitoneal 
immunotherapy and the criteria for selecting appropriate 
antibodies are discussed. 



cancer immunotherapy and immunolocalisation depends on their 
specificity. The optimal target antigen would be 
tumor-specific, and much effort has been directed to obtain 
such monoclonal antibodies. To date, no monoclonal antibody 
has been conclusively shown to identify a tumor-specific 
antigen; though there are some possible candidates for 
breast carcinoma (Schlom, J., et al. (1985) Adv. Cancer 
Res., £3:143-174), ovarian carcinoma (Tsuji, Y. , et al. 
(1985) Cancer Res., £5:2358-2362), pancreatic carcinoma 
(Chin, J., et al. (1985) Cancer Res., 4^:1723-1729) and lung 



The effectiveness of monoclonal antibodies in 
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small cell carcinoma (Tong, A.W. . et al. (1984) Cancer Res., 
44:4987-4992), but characterization of these antigens is 
still preliminary. The search for tunor-specif ic antigens 
is based or. numerous prior immunological studies suggesting 
the presence of such antigens on human tumors (Old, L.J., et 
al. (1981) Cancer Res., 41:361-375; Herberman, R.B. , et al. 
(1974) Adv. Cancer. Res., ^2^207-263; Kedar, E, , et al. 
(1963) Adv. Cancer Res., 38:171-288; Szigeti, R. , et al. 
(1985) Adv. Cancer Res., 42:241-306; Shuster, J.,e t al. 
(198C) Prog. Exp. Tumor Res., 25:89-139; and Thomson, 
D.M.P., et al. (1985) Int. J. Cancer 35:707-14) . The 
published evidence primarily consists of data indicating an 
immune response to syngeneic tumors, as detected by assays 
for antibodies (Old, L.J., et al. (1981) Supra ) . 
liinphocyte-roediated growth inhibition or cytotoxicity 
(Herberman, R.B., et al. (1974) Supra ) . T 

lyymphocyte-mediated cytotosicity (Kedar, £., et al. (1983) 
Su£ra) , delayed hypersensitivity (Herberman, R.B., et al. 
(1974) Supra) . macrophage migration inhibition (Szigeti, R. , 
et al. (1985) Supra ) or leu)cocyte adherence inhibition 
(Shuster, J., et al. .(1980) Supra and Thomson, O.M.P., et 
al. (1985) Supra) . However, such approaches have not yet 
allowed definite characterization of any tumor antigen, and 
the results have generally not been consistently reproduced 
in different laboratories, so the presence of hxjman 
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tumor-specific antigens inuct still be considered speculative 
(discussed in references Schlom, J. ^ et al. (1985) Supra ; 
Weiss, D.W., et al. (1980) Curr. Topics Micro. Immunol. 
89:1-83; North, R.J., et al. (1984) Adv. Immunol., 
3^:89-156) . 

Although tumor-specific monoclonal antibodies are 
not available, monoclonal antibodies to differentiation 
antigens may be of value. Such Abs react with certain 
normal adult cells as well as tumor cells of particular 
types, so toxicity arising from reactivity with normal cells 
is probable with some of all of such monoclonal antibodies. 
However, by adjusting the dose and by modifying the 
monoclonal antibody (such as by preparation of antibody 
fragments, or conjugates with radioisotopes or toxins) it 
may be possible to obtain a therapeutic effect without major 
side effects. It should be considered that such monoclonal 
antibodies are more specific than current therapeutic 
agents. Chemotherapeutic agents were selected initially not 
for their specificity, but for their toxicity^ and effective 
treatment requires the maximum tolerated dose; the same 
approach seems valid for mAB therapy. The major difference 
in this regard between monoclonal antibodies and new 
chemotherapeutic drugs is that monoclonal antibodies cannot 
be pretested in animals; this malces determination of the 
optimal treatment regimen much more difficult. 
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We have focused on selecting mABs for therapy and 



radioiminunodiagnosis of ovarian carcinoma. This txunor type 
is the leading cause of death among patients in the United 
States with gynecologic malignancy, and is not treated 
effectively by current methods (Bender, H,G. , and Beck, L. 
(Eds) (1983) Carcinoma of the Ovary . New YorkiGustav Fischer 
Verlag, 1983 and Haije, W.G. , et al. (1982) Ann. Clin. 
Biochem., V9: 258-262). Radioimmunodetection might decrease 
the need for "second-look" surgery, which is currently 
performed routinely to diagnose tumor recurrence. In regard 
to monoclonal antibody therapy, ovarian carcinoma 
has two major advantages. First, as with other 
non-essential organs, a tissue-specific antigen would be as 
useful as a tumor-specific antigen. This advantage however 
has not yet materialized, in that no differentiation antigen 
specific for ovarian epithelial cells has yet been 
described. Second, the tximor grow primarily in the 
peritoneal cavity; blood-borne metastases can occur, but 
most patients succumb prior to this (Bergman, P., et al. 
(1966) Acta. Obstet. Gynecol. Scand. , £5:211-225). 
Therefore, intraperitoneal therapy wold be expected to 
enhance interaction of the monoclonal antibody with tumor 
cells and to reduce interaction with normal, antigen- 
positive cells outside the peritoneal cavity. The 
importance of this factor is difficult to evaluate at 
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present. Serum proteins pass rapidly from the peritoneal 
cavity to the blood in normal animals (French, J.E. , et al. 
(1960) Quart. J, Exper. Physiol., 45; 88-103) . 

Antibodies injected i.p. into patients with 
ovarian carcinoma are initially exposed to only one type of 
normal cell, mesothelial cells, which line all surfaces of 
the peritoneal cavity. In this paper we describe the 
selection of monoclonal antibodies that react with the 
surface of fresh tumor cells but not with normal 
mesothelium. Fresh ascites carinoma cells were used as 
targets in immunofluorescence. Ovarian carcinomas grow as 
both ascites and solid modules of tumor cells attached to 
the lining of the peritoneal cavity. To predict reactivity 
of monoclonal antibodies with tumor cells in vivo, use of 
ascites cells as targets seems more reliable than examining 
either tissue culture lines of ovarian carcinoma (which are 
rare and probably not representative) or frozen sections of 
fresh tumors (which would not indicate which antigens are 
accessible on the cell surface in vivo) . Mesothelial cells 
were examined in frozen sections. Also examined were frozen 
sections of solid ovarian carcinomas and benign ovarian 
cysts. The monoclonal antibodies tested were 33 Abs 
produced by our laboratories which, from previous studies, 
appeared to demonstrate specificity for epithelial cells, 
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and included monoclonal antibodies reacting with ABO blood 
group-related antigens. We have identified 5 distinct 
monoclonal antibodies that reacted with the surface of most 
or all fresh tumor specimens and that were negative on 
mesothelium; they also reacted with various normal 
epithelial cells. These antibodies appear suitable for 
further evaluation as potential therapeutic agents. 

Antibodies , The 33 monoclonal antibodies tested 
in this study were generated and characterized previously. 
They were obtained from mice immunized with various human 
and were included in these experiments on the basis of 
preferential reactivity with epithelial cells in frozen 
sections of normal human tissues and in cultured cell lines^ 
All have been tested on a wide range of cell lines and 
normal tissues, and also have been partially characterized 
biochemically by immunoprecipitation (which in some cases 
did not precipitate a detectable component) . Based on these 
data, the monoclonal antibodies appeared different from each 
other. In the following list, they are grouped according to 
the type of carcinoma used for immunization and to the 
publication in which they are described: ovarian, MF61, 
MF116, MHS5, MH94 (Mattes, M.J., et al. (1984) Proc. Natl. 
Acad. Sci. USA 81^:568-572; Cordon-Cardo , C, et al. (1985) 
Int. J. Gynecol. Pathol., £:121-130), MH99 (Mattes, M.J., et 
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al. (1983) Hybridoma 2:253-264), MQ4S, MT334 (Mattes, M.J. , 
et al, (1985) J. Histochem. Cytochem. , 21* ^055-1102) , MT179, 
MW162, MW207, MX35 (Mattes, M.J. , et al. Four mouse 
monoclonal antibodies to human epithelial differentiation 
antigens above), MR54, MT78, MV9 (M.J. Mattes, unpublished 
data); bladder, T16, T87 (Fradet, Y. , et al. (1984) Proc. 
Nat. Acad. Sci- (Wash.), 8_1: 224-228) ; renal, S6 (Ueda, R. , 
et al. (1981) Proc. Nat. Acad. Sci. (USA), 7B; 5122-5126) ; 
teratocarcinoma, K4 (Rettig, W.J., et al. (1985) in press); 
choriocarcinoma, LK26, SV19, SV63 (placental alkaline 
phosphatase) (Rettig, W. , et al. (1985) Int. J. Cancer 
25:469-475); lung, F-15, F-16 (J. Feikert, unpublished data 
and U.S. patent application S.N. 474,225); and colon, 
HT29-15, V-215, CLK314 (Sakamoto, J. , et al. (1985) Fed. 
Proc. ^:792). We also tested 7 monoclonal antibodies to 
ABO blood group-related antigens, since these are epithelial 
differentiation antigens. These monoclonal antibodies also 
were obtained after immunizing mice with various human 
carcinomas, and include: anti-A, HT29-36 (Furukawa, K. , et 
al. J. Immunol., in press); anti-B (Ueda, R. , et al. (1981) 
Supra ) anti-Lewisa, T174; anti-Lewisb, T218; anti-H type 2, 
Hll; anti-X, P12; and anti-Y, F3 (Sakamoto, J., et al. 
(1984) Molecular Immunol., 21:1093-1098) . 

Ascites cells . 0.5-2.0 1 ascites fluid from 
patients with serous adenocarcinoma of the ovary were 
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filtered through 4-ply gauze and spun 5 min at 600g. 
Pelleted cells were resuspended in 5-10 volumes of 
supernatant, and 40 ml aliquots were underlaid with 10 ml 
Ficoll-Paque (Pharmacia , Piscataway, NJ) . After spinning 15 
min at 3,000g, the cells at the interface were collected, 
washed once with Dulbecco's phosphate-buffered saline (DPBS, 
Gibcor Grand Island, 7.5% fetal calf serum, 10% 

dimethylsulfoxide at various concentrations (1*10% packed 
cell volume /volume) and frozen in liquid nitrogen. 
Immunof luorescent staining was performed by standard 
procedures (Mattes, M. J. , et al. (1984) Proc. Natl. Acad. 
Sci. USA 8_l:568-572) , using mAb sera at 1/50, 
f luorescein-con jugated goat anti-mouse IgG (Cappel 
Laboratories, Cochranville, PA) at 1/40 in medium containing 
20% normal human serum, and 3-6 ul packed ascites cells per 
sample* Examination was by epi-illumination using a 75W 
xenon lamp, Leitz filter cube H, and a 40x objective. Some 
samples contained normal cells such as lymphocytes, 
-macrophages and mesothelial cells as well as tumor cells; 
therefore, evaluation was based on observation of clustered 
cells only, since carcinoma cells in ascites usually are in 
clusters, while the normal cells present are rarely in 
clusters. Samples of cells were processed and examined by 
the Pathology Laboratory at SKI (Sloan-Kettering Institute r 
N.y., N.Y.) (Dr. Patricia Saigo) , to confirm that virtually 
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all cells in clusters were malignant. Photographs of 
imznunof luorescence were prepared using Kodak Tri-X film and 
90 second exposures. Bone marrow cells from normal donors 
were provided by the Bone Marrow Transplantation unit at SKI 
and examined similarly by immunofluorescence. 

Crycstat sections . General methods for staining 
0.007 mm sections by the avidin-biotin complex method have 
been described (Mattes, M.J., et al. (1985) J. Histochem. 
Cytochem. 3_2- 1^^^^^^^^' • Ovarian cysts included 1 serous 
cystadenoma, 3 mucinous cystadenomas , 1 simple cyst, 1 
serous cystadenocarcinoma of low malignant potential, and 1 
mucinous cystadenocarcinoma of low malignant potential. 
Strips of the cyst wall were folded in pleats before 
freezing. Tissues containing normal mesotheliuon included 
the diaphragm^ body wall and pericardium. Ovarian carcinomas 
included serous (7 specimens), mucinous (1 specimen) and 
endometroid (2 specimens) • 

The 33 monoclonal antibodies evaluated were 
generated in our laboratories by immunization with ovarian, 
bladder, renal, lung, and colon carcinomas and with 
choriocarcinomas. We anticipated that the expression of 
cell surface antigens on ovarian carcinoma ascites cells 
might be quite different from antigen expression on cultured 
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cell lines, and therefore we tested 26 monoclonal antibodies 
reacting with a variety of epithelial differentiation 
antigens. ABO blood group-related antigens are epithelial 
differentiation antigens; therefore, a panel of 7 monoclonal 
antibodies to blood group-related structures, which were 
also obtained after immunizing mice with human carcinomas, 
was included. 

As the initial screening for a most of the 
monoclonal antibodies, we examined frozen sections of a 
benign ovarian cyst, to confirm the specificity of the 
monoclonal antibodies for epithelial cells. A benign cyst 
was used rather than a normal ovary because, in our 
experience, epithelial cells are better preserved in frozen 
sections. Monoclonal antibodies reacting with connective 
tissue or blood vessels were eliminated at this stage, which 
included 8 monoclonal antibodies (MRS4, T16, T87, V-215, 
CLK314, F-15, F-16 and LK29) . None monoclonal antibodies 
produced the expected staining of epithelial cells only. 
Eight monoclonal antibodies were negative on the benign 
cyst, but were tested further for reactivity with fresh 
ascites cells. We observed that some monoclonal antibodies 
stained the outer surface of the cyst as well as the inner 
epithelial cells. The cells lining the outer surface are 
presumably drived from the normal ovarian epithelium, but 



- 47 - 



SUBSTITUTE SHEET (RULE 26) 




wo 96/40295 PCTAJS96/09819 

due to cyst formation they appear flattened, like 
mesothelial cells, in morphology. The monoclonal antibodies 
that stained the outer as v/ell as the inner surface of the 
cyst, (MH94, MQ49, MT334, HT29-15 and F3) , all react with 
heat stable (lOO®) antigens, which are probably 
carbohydrate. One, F3, reacts with the Y blood 
group-related antigen. Another, MQ49, reacts with both 
glycoiipids and mucin-like molecules (Mattes, M.J,, et al. 
(1985) Supra ) . MH94, MT334 and HT29-15 also react with 
mucin-like molecules. The MH94 antigen was detected by 
imnunoprecipitation after labeling with H^^^SO^, but not 
with [3HIglucosamine (Mattes, M. J. , et al. Proc. Nat'l. 
Acad. Sci USA 8^:568 (1984) and unpublished data). Other 
monoclonal antibodies (MH99, MT179, K4 and SV19) reacted 
with cells lining the inner surface of the cyst only. 

The 25 remaining monoclonal antibodies were tested 
against at least 2 specimens of fresh ovarian carcinoma 
ascites cells, by immunofluorescence. We had initially 
attempted, to facilitate assays, to attach these target 
cells to wells of Terasaki plates using concanavalin A, 
which has been effective with a wide range of nonadherent 
cell types (Mattes, M.J. et al., J. Immunol. Meth. 61 ;145 
(1983) . However, the ascites cells did not attach stably 
under these conditions, suggesting that they have unusual 
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surface properties. We also tested 2 broadly reactive 
monoclonal antibodies, and AJ2 (Mattes, M.J., et al. 

(198 3) Hybridoma 2:253 ) , which are present on all human 
tissue culture cells: these monoclonal antibodies reacted 
with all ascites cells tested. Monoclonal antibodies 
negative with the 2 ascites specimens were not tested 
further (11 monoclonal antibodies: MF61, MF116, MH55, MV9 , 
K4, SV19, SV63r S6 , HT29-15, HT29-36 and S8) , but positive 
monoclonal antibodies were tested on additional ascites 
specimens. Results are summarized in Table 3. Six 
monoclonal antibodies reacted with 5/5 or 4/5 specimens, and 
produced fairly homogeneous, ringed staining of tumor cells 
2E) . In these studies, we examined primarily clumped tumor 
cells since these were identified as malignant. The nature 
of the single cells was more variable, but many specimens 
clearly contained many malignant single cells, as indicated 
both by morphology and immunof luorescent staining. 

Several monoclonal antibodies produced staining 
with certain unusual characteristics: 1) Tumor cells had a 
striking degree of "heterogeneity. The fraction of positive 
tumor cells (in clumps) ranged from a few per cent to 50%. 
Positive cells were often extremely bright, although 
brightness was variable, so the positive and negative cell 
populations appeared to be distinct. A single clump of 
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cells usually contained a mixture of strongly positive and 
negative cells. 2) In some specimens, many positive cells 
were not ringed, but were stained over a continuous portion, 
generally 1/3 to 2/3, of their surface. This occurred in 
both clumped cells and single tumor cells. In cliomped 
cells, the stained portion of the membrane was usually the 
area not in contact with another cell. This antigen 
distribution did not appear to be antibody-mediated, since 
it occurred in cells stained at 4^ in the presence of 10 mM 
NaN3 (and which had been pretreated for 30 min with NaN3 
before the first antibody incubation) • 



group-related antigens tested, most that were positive on 
asciates cells produced this heterogeneous pattern, and this 
occurred with most specimens exaunined. The only other 
monoclonal antibodies producing this heterogeneous pattern 
were MQ4 9 and HT29-15, which also recognize carbohydrate 
determinants (Mattes, M.J., et al. (1985) J. Histochem. 
Cytochem. 22* ^^^^ Supra and Sakamoto, J., et al. (1985) Fed. 
Proc, £2:792). The exception among blood group-related 
monoclonal antibodies was F3 (anti-Y) which produced bright, 
ringed staining of most or all tumor cells in all specimens 
examined. This antigen, however, is present on erythrocytes 
(strongly on type O, weakly on types A & B) (Sakamoto, J., 



Of the monoclonal antibodies to ABO blood 
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et al, (1984) Molecular Immunol., 21^: 1093-1098). Therefore, 
it does not appear to be a suitable target for tumor 
localization or therapy and has not been included in our 
subsequent studies of monoclonal antibody specificity. 

The 5 monoclonal antibodies consistently reactive 
with ascites cells were tested further for specificity and 
results are included in Table 3. They reacted with frozen 
sections of most of all ovarian carcinomas tested, and with 
the epithelial cells of many benign ovarian cysts. The most 
consistently positive monoclonal antibody was MH99, which 
reacted without exception with all cells derived form the 
ovarian epithelium. Table 4 summarizes the normal tissue 
reactivity of these monoclonals, which was described above. 
MH9 9 is most consistently positive and reacts with nearly 
all normal epithelial cells. THe other mAbs react with a 
subset of normal epithelial cells. Normal mesothelial cells 
in frozen sections of the lower surface of the diaphragm, 
body wall and pericardium were negative with all 5 mAbs. As 
described (Mattes, M.J., et al. (1983) Hybridoma 2 : 253 and 
"four mouse monoclonal antibodies to human epithelial 
differentiation antigens- Proc. Natl. Acad. Sci. USA) blood 
leukocytes and erythrocytes were negative by 
immunofluorescence. Normal bone marrow cells, examined by 
immunofluorescence, were also negative. 
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The pattern of staining in frozen sections varied 
depending on the particular antibody. Antibodies MH99# 
MT179, and Mw207 stained all sides of the cells equally, in 
a pattern suggestive of membrane staining. In contrast, 

antibodies Mv;:62 and MX35 often stained only the luminal 
edge of the cells and sometimes also produced a granular 
-staining pattern. 

To determine vhether antibody-^induced capping or 
other type of modulation of surface antigens occurs, 
imnunof luorescent staining of 2 ascites specimens was 
performed in the absence cf >3aN3. Follov.*ing staining, cells 
were incubated for 45 min at 37. This treatment had no 
effect on antigen distribution, relative to a control 
stained in the presence of NaN3, with any of the 5 
monoclonal antibodies tested. We conclude that capping does 
not readily occur. 

We also investigated the possibility that large 
amounts of soltible antigen in ascites fluid might inhibit 
monoclonal antibody binding in vivo. Fifty ul of autologous 
ascites fluid, collected at the same time as the cell 
specimen, was included during the first antibody incubation. 
This produced no detectable inhibition of immunof luorescent 
staining with any of the 5 monoclonal antibodies tested, 
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suggesting that such inhibition would not occur in vivo. 

We have identified 5 monoclonal antibodies that 
have potential value in intraperitoneal inununo therapy or 
immunodiagnosis of ovarian carcinoma, since they react with 
the surface of fresh tumor cells but are negative on normal 
mesothelial cells. We attempted to examine cells as similar 
as possible to the cells that would be encountered by a 
monoclonal antibody injected i.p. We plan to examine cells 
from biopsies obtained following injection of radio-labeled 
antibody, to confirm the reactivity of the monoclonal 
antibodies in vivo. It is evident that examination of 
ovarian carcinoma cell lines, or cryostat sections of fresh 
txamors, does not provide reliable information regarding 
antigen expression on the surface of cells in vivo. For 
example, MT334 reacted with frozen sections of 10/10 
tumors, but reacted weakly with only 1/5 ascites specimens. 

The monoclonal antibodies described all react with 
some nonnal adult cells, but they may be effective in tumor 
localization or therapy without producing unacceptable 
side-effects. It must be considered that all current forms 
of cancer therapy are toxic, and the antibodies described 
are more specific than effects of chemotherapy or radiation. 
Moreover, after i.p. injection it is uncertain how 
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efficiently the antibodies will reach the positive normal 
cells. For example, antigens located at the luminal edge of 
epithelial cells, such as MW162 and MX35, may not be exposed 
to the circulating antibodies. Also IgM's such as MW162 may 
not penetrate tissues sufficiently to reach the positive 
normal cells. If the antibody is fragmented or conjugated 
to other irolecules, this may strongly affect the 
localization in normal tissues and the side effects. In 
addition, monoclonal antibody binding to normal tissues may 
or may not produce toxicity. Radioisotope-con jugated 
monoclonal antibodies may daimage tumor cells, which are 
relatively radio-sensitive, much more readily than normal 
cells to which they bind. Experimentation in hxamans is 
required to resolve these questions. Initially the 
localization of radiolabeled antibodies will be investigat:ed 
to determine whether the monoclonal antibodies bind 
effectively to tumor and/or normal tissues. These 
experiments will also indicate whether the monoclonal 
antibodies might be useful for radioimmunodetection of small 
tumor masses, which might eliminate in some cases the need 
for "second-look* surgery to detect t\imor recurrence. 
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The answer to this question is obcured by a large number of 
reports describing putative tumor-specific antigens (Oldr 
L.J-, (1981) Supra ? Herberman, R-B, (1974) Supra ? Kedar, E., 
et al. (1983) Supra ? Szigeti, R. (1985) Supra ? Shuster, J., 
et al. (1980) Supra ? Thomson, D.M^P.r et al. (1985) Supra ? . 
Weiss, D.W., (1980) Supra and North, R.J* (1984) Supra ) . 
Until such antigens have been well-characterized, which has 
not been achieved in a single case, they must be considered 
as speculative. A more tissue-specific monoclonal antibody, 
reactive with fewer normal cells, is clearly preferable, but 
it should be considered that ovarian epithelial cells are 
relatively undifferentiated, and produce no Icnown specific 
differentiation marlcer. Moreover, the truly tissue-specific 
mar)cers, such as proteins secreted by the prostate, pancreas 
or breast, are often lost as a tumor progresses to a less 
differentiated state. We emphasize that the choice of the 
optimal target antigen for therapy depends not only on its 
restricted distribution. Equally important is its 
consistent expression on nearly all tumor cells, at least 
from a particular patient, as well as on a low frequency of 
antigen-negative variants. 

The monoclonal antibodies used in these studies 
were generated in our laboratories, and may or may not be 
the optimal monoclonal antibodies for i.p. immunotherapy. 
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Other laboratories also have attempl:ed to generate 
monoclonal antibodies specific for ovarian carcinoma. Bast 
et. al. (Kabawat, S.E., et al. (1983) Int. J. Gynecol. 
Pathol,, 2^:275-285) described monoclonal antibody OC125, 
which recognizes a high molecular weight antigen that 
appears to be a valuable serum marker for ovarian carcinoma 
(Klung, T.L., et al, (1984) Cancer Res., £4:1048-1053). In 
cryostat sections of normal tissues, only the epithelia of 
the uterus, fallopian tube and endocervix, and mesothelial 
cells of the peritoneum, pleura and pericardium were 
positive. Approximately 85% of ovarian serous carcinomas 
were positive. The reactivity with normal mesothelial cells 
causes this monoclonal antibody to be apparently, 
inappropriate for i.p. immunotherapy. Also, expression of 
OC125 appeared to be heterogeneous in cryostat sections, 
with considerable negative cells being detected in positive 
tximors (Kabawat, et al. (1983) Amer. J. Clin. Pathol. 

79^:98-104). Gangopadhyay et al* (Gangopadhyay , A., et al. 
(1985) Cancer Res., £5:1744-1752) described the 1D3 
monoclonal antibody, which reacted with essentially all 
ovarian mucinous carcinomas, and with only the normal colon 
among normal tissues examined; however, the more common 
serous carcinomas were negative. Tagliabue et al. 
(Tagliabue, E., et al, (1985) Cancer Res., 45:379-385) 
obtained 2 monoclonal antibodies to ovarian carcinoma, MOvl 
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and M0v2. Mov2 reacted with most but not all ovarian 
carcinomas of all types, and with normal colon, stomach and 
breast. It reacted by immunofluorescence with most but not 
all fresh ovarian carcinoma ascites cells. MOvl reacted 
with mucinous but not serous ovarian carcinomas, and also 
reacted with the normal colon. Tsuji et al. (Tsuji, Y., et 
al. (19 8 5) Supra ) recently described 2 monoclonal 
antibodies: 4C7 reacted with most ovarian mucinous, 
endometroid and nesonephroid , but not serous carcinomas, 
while 3C2 reacted with most serous and endometroid, but not 
mucinous or mesonephroid carcinomas. These 2 antibodies did 
not react with any normal tissues, benign ovarian tumors or 
carcinomas of other organs. 



breast-carcinoma-associated antigens have been found to 
react with ovarian carcinoma ascites cells. F36/22 reacted 
with 47/47 ascites specimens, and was negative with normal 
mesothelial cells in the same specimens (Croghan, G.A., et 
al. (1984) Cancer Res., £4:1954-1962). This monoclonal 
antibody also reacted with sections of ovarian carcinomas , 
but not with the normal ovarian epithelium, while benign 
ovarian tumors had weak and variable staining. However, 
many normal cells were positive with F36/22, including the 
breast, lung, sebaceous gland, sweat gland, uterus and 



Three monoclonal antibodies obtained to 
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kidney. Monoclonal antibody 3. 14. A3, later called HMFG2, 
reacted with ovarian carcinomas and with normal bile duct, 
pancreas, sebaceous bland, salivary gland, kidney, lung, 
sweat gland and uterus (Arklie, J., et al. (1981) Int* J* 
Cancer, 28*23-29). This antibody, 131-I-labeled, was used 
in preliminary studies of i.p. injection for therapy of 
ovarian carcinomas (Epenetos, A.A. , (1984) The Lancet, 
1441-1443) . 



carcinoma ascites cells (Johnston, W.U.V,, et al. Cancer 
Res. 4^^: 1894 (1985). It is positive on breast and other 
carcinomas, but negative on all normal tissues examined. In 
sections of breast carcinomas, there was marked 
heterogeneity in the expression of B72.3 (Schlom, J. et al, 
(1985) Supra ) . The presence of other well-characterized 
tumor markers, including carcinoembryonic antigen, 
alpha- fetoprotein and hiunan chorionic gonadotropin, was also 
investigated in ovarian carcinomas; all were negative on 
more than 75% of serous carcinoma (Casper, S., et al. Am. J. 
Obstet. Gynecol. 149:154 (1984). 



B72.3 has also been detected in fresh ovarian 
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An interesting observation was that many 
monoclonal antibodies to carbohydrate antigens produced 
striking heterogeneity in their staining of ascites cells. 
Tumor heterogeneity is of course a major obstacle in 
effective treatment, and our observations suggest the 
important point that the level of heterogeneity can vary 
widely depending on the particular antigen, and that this 
level may be related consistently with the biochemical 
nature of the antigen. The mechanism for variation in blood 
group antigen expression is unknown, but may be related to 
the altered and variable state of differentiation of tumor 
cells. We suggest that this heterogeneity is directly 
related to the fact that blood group carbohydrate antigens, 
including ABO, li and T, account for many of the most 
consistent differences between malignant and normal cells of 
the same histological type (Feizi, T., (1985) Nature 
314:53-57). That is, expression of carbohydrate antigens 
may be a very sensitive indicator of the state of 
differentiation of a cell, allowing such antigens to be 
useful in diagnosis of malignancy. But, for the same 
reason, malignant cells may generally vary in expression of 
these antigens, making them unsuitable as targets for 
immunotherapy . 
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The rationale for i.p. inununotherapy is complex. 
Intraperitoneal therapy of ovarian carcinoma has been used 
extensively with a colloidal suspension of Cr32P04 
(Rosenshein, N.B., et al. (1979) Obstet. Gyneco. Survey, 
3£: 708-720) or with other chemotherapeutic drugs (Marlcmanr 
M. in S.B, Howell (ed,) Intra-Arterial and Intracavitary 
Cancer Chemotherapy, PP. 61-69 Bostons Martiners Nijhoff, 
1984) , though evidently often without an understanding of 
the physiology of efflux from the peritoneal cavity, as 
noted by Leichner et al. (Leichner, P.K., et al. (1980) 
Radiology 134 !729-734) . Efflux of substances from the 
peritoneal cavity, including proteins, colloids, and 
erythrocytes, is very rapid via lymphatics of the lower 
surface of the diaphragm. The lack of a substantial barrier 
to efflux is due to the presence of specilized mesothelial 
cells and lymphatics at this location (French, J.E. , et al. 
(1960) Quart. J. Exper. Physiol., 45:88-103). This factor 
reduces the advantage of intraperitoneal therapy. However, 
there are several factors that can enhance the effectiveness 
of this approach. First, as noted for drug therapy 
(Mar)cman, M., (1984) In: S.B. Howell (ed.), Intra-Arterial 
and Intracavitary Cancer Chemotherapy, pp. 61-69. Boston: 
Martinus Ni jhoff) , the relative concentration in peritoneal 
fluid and in blood depends on both the rate of efflux from 
the peritoneal cavity and the rate of clearance from the 
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blood. Substances cleared rapidly from the blood are 
therefore preferable. The clearance rate of monoclonal 
antibodies from the blood might be increased in various 
ways, such as removing sialic acid (Ashwell, G. , et al. 
(1974) Adv. Enzymol., £1:99-128). Second, patients with 
ovarian cancer have impaired efflux from the peritoneal 
cavity, due probably to bloc)cage of lymphatics by tumor 
cells, which is presumably the reason for development of 
ascites (Feldman, G.B., et al. (1972) Cancer Res., 
22:1663-1666 and Coates , G., et al. (1973) Radiology, 
107 ; 577-583) . Third, it might be possible to decrease the 
rate of efflux in various ways which have been effective in 
experimental animals, such as by anaesthesia, bloc)cing major 
lymphatic vessels (Courtice, F.C, et al. (1951) Austral. J. 
Exper. Biol, Med. Sci. 22*451-458), or disrupting the 
lymphatic capillaries on the lower diaphragm (Raybuc)c, H.E., 
et al. (1950) Am. J. Physiol. 19i- 1024) . Fourth, since 
the toxicity of monoclonal antibodies will result from 
binding to normal epithelial cells, if the antibody can be 
confined to the vascular system after it enters the blood, 
toxicity may be eliminated. This might be achieved by 
conjugating IgG to particles of diameter greater than O.lu, 
which are too large to pass through the capillary 
endothelium (Ren)cin, E.M., et al. (1977) Circ. Res., 
41:735-743 and Simionescu, N. , et al. (1972) J. Cell Biol. 
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53:365-392). Regardless of the method of administration, 
some of the monoclonal antibody will enter the blood; this 
may be useful in that potentially metastatic tumor cells in 
the blood v/ill be eliminated. The method developed for i,p. 
chemotherapy is to inject a large volume, and to withdraw it 
after several hours (Markman, M. , (1984) Supra ) ; this seems 
equally appropriate for monoclonal antibody therapy. 
Intraperitoneal immunotherapy for ovarian cancer has 
previously been attempted with polyclonal (Order, S,E., et. 
al. (1981) Cancer £8:590-596) and monoclonal (Epenetos, 
A*A,, (1984) The Lancet, 1441-1443) antibodies in 
preliminary experiments. Clearly many variables must be 
investigated in order to devise the optimal approach. 

These hybridoma cell lines are on deposit at 
Sloan-Kettering Institute 1275 York Avenue, New York, NY and 
at the American Type Culture Collection, 12301 Parklawn 
Drive, Rockville, Maryland 20852, a recognized international 
depository, under the following designations; 



SKI 


ATCC 


ATCC 


Number 


Designation 


Deposit Date 


MFlie 


HB 8411 


October 28, 1983 


MD144 


HB 8409 


October 28, 1983 


MH55 


HB 8412 


October 28, 1983 
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SKI 
Number 
MF61 
MH94 
MH99 
ME195 
ME46 
MVJ16 2 
MT179 
MV7207 
MT35 
MU78 
MT3 3 4 
MQ49 



ATCC 
Desiqnatiion 
HB 8410 
KB 8413 
HB 8406 
HB 8431 
HB8430 



HB8877 
HB8876 
HB8874 



ATCC 
Deposit Date 
October 28, 1983 
October 28, 1983 
October 28, 1983 
November 16, 198 3 
November 16, 198 3 



July 15, 1985 
July 15, 1985 
July 15, 1985 
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Table i 



Reactivity 


of moAbs 


with cryosta 


w se c w 1 on 


oi norisax 




human tissues 






i 1 5 5 






Mw207 


MX35 












Stomach 










Colon 










Epiglottis 










Bronchus 


nd 






♦ 


Lung 








♦ 


Skin 










Kidney 










Pancreas 






♦ 




Liver 










Tnyrold 










Ovary 










Uterus 








♦ 


Breast 




♦ 


♦ 




Testes 










Heart 


nd 








Spleen 










Lyrtph node 










Thymus 










Brain 




nd 


nd 


nd 



The positive cells with these Abs were exclusively 
epithelial cells. ^ 

b.. 

Not deteralned 

w5^^^^' kidney, KV207 reacted with proxlnsl tubules, 
KW162 with Henle's loop and distal tubules, and MX35 
With collecting tubules. 
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Table 2 

Reactivity* of oioAbs with tissue culture cell lines 



Cell Type 
rclnomas 



HT179 



HW162 



MW207 



MX3S 



Ovarian 3/8° 

Uterine 2/2 

Colon 0/11 

Bladder 5/9 

Pancreas 3/« 

Lunfi 8/n 

Breast 2/5 

Renal 2/37 

Prostate 1/2 

Bile duet l/l 

Melanomas 0/21 

Astrocytonas 1/17 
Sareonas 

Teratocarelnoaas 

Choriocarcinomas 1/1 . 

Keuroblastooas 0/5 

Henatopoletle tuisors 

T -lyephoeyte 0/B 

B lymphocyte 0/9 

Null lyephoeyte 0/6 

Myeloid 0/3 

Monoeyteld - 

Kyelosa - 

Norsal cella 

Fibroblasts 0/3 

Kldneyeplthellal 2/3 



5/e 

0/2 
?/9 
3/6 
2/3 
6/6 
^/^ 

2/11 
0/1 

0/10 
0/10 
O/H 
0/1 

1/1 



0/7 
0/k 
0/4 
0/2 
0/2 
0/1 

0/4 
3/3 



5/6 

0/2 

5/9 

1/6 

2/3 

6/8 

3/A 

10/11 

C/1 

0/10 

2/10 

1/4 

1/1 

1/1 



0/7 
0/3 
0/4 
0/2 
0/1 
0/1 

0/4 
2/3 



3/6 
0/2 
0/9 
0/6 
0/3 

1/e 
o/n 

3/11 
0/3 

0/10 

0/10 

0/4 

0/1 

0/1 



0/7 
0/4 
0/4 
0/2 
0/2 
0/1 

0/4 
1/3 



KW207 was tested In a rosettlng assay for cell surface 
SnHl'"* ««in£ • starting dilution of 3/3000. MT179, 
MW162 and KX35 were tested in a peroxidase assay on 

cells, using a starting dilution 

or 1/500* 



Kuffiber positive/number different cell lines tested. 
The individual positive cell lines and the titers 
listed m the text. 



are 
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Table 4 

Reactivity of MoAbs with ncrnal epithelial cells 



MoAb 


Positive Tissues 


KH99 


most or all epithelial cells 


KT179 


colon, lung, skin, pancreas, breast 


MW162 


esophagus, stomach, bronchus, uterus, 
lung, kidney , pancreas, thyroid, breast 


WW207 


bronchus, lung, kidney', pancreas, 
thyroid, uterus, breast 


MX35 


bronchus i lung, kidney*, uterus, thyroid 



*In the kidney, KW?07 reacted with proximal tubules, KVa62 
with Henle's loop and distal tubules, and MX35 with 
collecting tubules. 
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Radiolabeled monoclonal antibodies (Mabs) or their fragments are receiving 
considerable attention as tumor targeting agents for a wide variety of solid tumors 
(Epenetos et al.. 1982: Larson et al.. 1983; Mach et al.. 1983; Baum et al.. 1986; 
Delaloye et ah. 1986; Chatal et al.. 1987; Sharkey et al.. 1990; Lloyd et al.. 1993). 
Although labeled Mabs are beginning to have an impact in the clinical domain, their 

specificity and sensitivity for tumor detection still remain to be improved. 
Radloimmunotargeting with F(ab')j and Fab fragments of antibodies has generally 
been favored over the use of the intact Ig due to their shorter biological half-iife in the 
blood and rapid tissue distribution and clearance of the fragments resulting in higher 
tumor to normal tissue and tumor to blood ratios (Fjeld et al.. 1992). 
The primary objective of our work was to study the biodistribution and 
pharmacokinetics of radiolabeled Mab MX-35 in a xenograft model of human ovarian 

cancer as a preliminary step to clinical studies using this antibody. Mab MX-35 
(IgGI) was developed by immunization of mice with ascites and solid tumor ovarian 
cancer cells (Mattes et al.. 1987; Mattes et al.. 1989). It reacts strongly and relatively 
uniformly with 75-80% of ovarian carcinoma samples and with a few normal tissues 
(Rubin et al.. 1989, Rubin et al.. 1991). The antigen detected is a cell surface 90,000 
dalton. non-secreted glycoprotein (M. Welshinger, B.Y.T. Yin and K.O. Lloyd. 

unpublished data). 

In this study we place special emphasis on radiolabeled F(ab')j fragments of Mab 
MX35 as an alternative to the intact antibody. By comparing the Ussue distribution of 
radiolabeled intact IgG with F{ab\ fragments we demonstrated much better targeting 

using the fragments. More interestingly, compared with intact antibody, the F(ab*)j 
fragments gave markedly increased values of absolute tumor uptake of the* antibody. 
This result contrasts with previous results (Sands, 1990; Gerretsen et al.. 1991; 
Molthoff et al., 1992) obtained from comparative experiments. 
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Materials and Methods 
Monoclonal Antibody Production 

Monoclonal antibody MX-35, a murine lgG1. was produced from hybridoma ascites 
grown in BALB/c mice. High titer ascites batches were pooled for purification. MAb 

MX-35 was purified from the ascites through several steps including removal of 
lipoprotein by ultracentrifugation at 100.000 g and ammonium sulfate precipitation 
(50% saturation). Final purification was by protein A-agarose chromatography (Ey et 

a!.. 1978). 
Preparation of Fraomenta 
Following overnight dialysis of purified MX-35 immunogiobulin in 25mM sodium 
acetate pH 4.5, 25 //I of pepsin (1.5 mg ml'^ Sigma Chemical Co.. St. Louis. MO) 
was added to the antibody (2 mg in 400 and incubated ovemight at 37 C. F(ab*)2 
fragments were isolated using a kit obtained from Bio Chrom International, Tustin. 
CA. High yield binding buffer (250 fi\) containing 30 f/\ of anti-pepsin was added to 
the antibody-pepsin combination. The entire sample was diluted with 220 fil of high 
yield binding buffer and centrifuged to 2000 g for 15 min and the supernatant was 
placed on a protein-A-Avidchrome column. The unadsorbed fraction was 
concentrated using a Centricon 30 unit (Amicon. Beverly. MA) at 1075 g at 4 C. The 

final antibody concentration obtained was 1.95-2.34 mg mr^ and the overall yield 
ranged from 63-65%. The identity of the fragments was confirmed by sodium dodecyl 
sulfate-polyacryiamide gel electrophoresis under reducing conditions. Staining with 
Coomassie blue, revealed bands of 23 kD and 25 kD corresponding to the light and 
cleaved heavy chains, respectively (Figure 1). 
Radlolabelino of Monoclonal Antlbodiea 
intact specific and control Mab or their F(ab')2 fragments were labeled using 
ch!oramine-T method as follows. MAb MX-35 (1 mg) were added to 0.5 ml of 0.1 5M 

NaCI in O.OSM phosphate buffer at pH 7.5. One mCi of ^^'1 and 40//i of freshly 
dissolved chloramine-T (1 mg ml*^) were added on ice. After 10 min the reaction was 
terminated by addition of 45 //I sodium metabisulfate (1 mg ml'^). The protein was 
passed through a Sephadex G-25 column (10 mi) and fractions with the highest 
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radioactivity were pooled. The immunoreactivity of the labeled product was 
determined by sequential absorptions with an antigen-expressing cell line (OVCAR-3). 
Between 60 and 75% of the radioactivity was adsorbed for both F(ab')j fragments and 

intact antibody MX-35. Percent labeled protein was determined by the TCA 
precipitation method. For both F(ab')2 fragments and intact antibody incorporation of 

iodine into protein was 90-95%. 
Binding Assays 

The method was described elsewhere (Mattes et al., 1989). Briefly, serial 2:3-f6ld 
dilutions of radiolabeled intact or F(ab')j fragments of MAb MX-35 were incubated 
with 50 fj\ cell suspension (5 //I packed OVCAR.3 cells) mixed with 100 a/1 of labeled 
MAb dilutions ranging from 0.05 fig ml ' to 20 /ig m|-\ for 5 hrs at 4 C. All assays 
were performed both with (2 mg mr') and without a high concentration of unlabeled 
MAb MX-35. Free MAb was calculated by subtracting bound MAb from total bindable 

MAb. and the equilibrium association constant Ka was determined by graphical 
analysis using the method of Scatchard. The off-rates for radiolabeled MAb bound to 
OVCAR-3 cells were also determined as described by Mattes et al. (1989). 

Blodiatribution StudI— 
Athymic nude mice (BALB/c background) were implanted, intraperitoneally (IP), with 
fragments of the human ovarian cancer cell line. OVCAR-3, obtained by mincing 
tumor grown in another nude mouse. Visible tumors appeared approximately 3 
weeks after injection. Each mouse had tumors of at least 300-500 mg. The 
expression of MX35 antigen in the tumor was confirmed by Immunohistochemistry 
(Rubin et al. 1989). Mice bearing IP xenografts were randomized to be injected with 
either 20 //g of "'l-labeled MAb MX-35 [intact or F(ab')J or the control antibody L6 
anti-id 13B (intact or F(ab'),) fklndly provided by Dr. I. Hellstrom. Bristol-Myers Squibb 

Pharmaceutical Research Institute, Seattle. WAJ either intraperitoneally or 
intravenously. The footnote to Table 1 summarizes the number of mice sacrificed at 
various time points for the eight possible combinations of treatment groups. Tumor 
tissues and normal tissues from each time point were obtained at the time of sacrifice 
by dissection. All tumor was recovered from sites wrthin the peritoneal cavity. From 
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each animal 5 to 9 tumor samples were counted for '"l. These animal experiments 
were performed in compliance with the relevant national laws relating to the conduct 

of animal experimentation. 
Statistical Analysis 

The uptake of antibodies was measured by calculating the % injected dose per gram 
of tissue. For tumor uptake and serum levels, mono-exponential models for the 

decay over time were fitted to the data using the method of analysis of covariance. 
The half-life of MAb serum levels and tumor were estimated using the regression 

coefficient 

estimate B as T yj=log2 / (-B) (Gibaldi & Perrier. 1975). 
Tumor specific localization was measured by the data obtained from tumor to blood, 
tumor to liver and tumor to muscle ratios of % injected dose. The effects of the type 

and the form of antibody, administration route and time were examined using the 
method of analysis of variance. Log transformations on the ratios were performed to 
ensure normality. The localization index (LI) (Beaumier et al.. 1985) is defined as the 

ratio: 

^% injected MX-3S g ' tumor% injected control g ' tumor 



% injected MX-35 g"' blood% injected control g ' blood 
A localization index of 1 means that the antibodies have similar standardized uptakes 
(Moshakis et al., 1981). An index greater than 1 indicates superior uptake of MAb 

MX-35 over control antibody. 
In this study, the control and specific antibodies were not co-administered to the 
same animals but to two independent experimental groups. The mean tumor to blood 

ratio (in log scale) for each treatment combination was used to calculate LI. The 
standard errors of LI were calculated using assumption of normality on the logarithm 

of tumor to blood ratios. 
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Results 



Characteristics of Ra diotabaiad Antibody and Fraomanta 



The radiolabeling procedure did not significantly change the immunologic properties 
of both the whole IgG and F{ab\ fragments of MAb MX-35. They both retained 60- 
70% immunological reactivity after radiolabeling. The binding affinities of the intact 

and F(ab')j fragments of the antibody for OVCAR-3 cell line were determined by 
Scatchard analysis. Interestingly, the binding affinity of the intact MAb MX-35 (2.2 x 
10* L M ') was slightly lower than that obtained with F(ab')2 fragments (3.3 x 10* L M" 

The number of binding sites/cell for the two fomis was comparable (1.20 x 10' 
and 1.19 X 10' sites/cell, respectively). The off-rates for bound radiolabeled antibody 
were 23 hrs and 22 hrs for the intact antibody and fragment, respectively. 



Serum clearance rates in 50 animals were determined for the "'l-labeled intact MAb 
MX-35 and control antibody and in 58 animals for the "*l-labeled F(ab')2 fragments of 

MAb MX-35 and the control antibody for both IV and IP routes of administration 

(Table 1). The serum half-life was estimated as 31 hrs for IV and 39 hrs for IP 
injection for intact MAb MX.35 and 9 hrs for IV. 9.5 hrs for IP injection for the F(ab% 

fragments of MAb MX-35. We could not demonstrate any statistically significant 
difference in the magnitude of antibody accumulation In tumors and serum between 
IV and IP routes of administrations for either intact or F(ab')j fragments of MAb MX- 
35 or control antibody (all p> 0.07) (Table 1). However, the difference between the 

specific MAb MX-35 and the control antibody L6 anti-id 13B and the difference 



Pharmacokinetic Data 
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between intact and F(ab')j fragments were significant for serum clearance (Figure 2A) 
and tumor clearance (Figure 2B). A separate mono-exponential model was thus 
fitted to each of the four combinations. The models explained the data well as 
indicated by the correlation estimates. It is clear from Table 1 and Figure 2 that the 
clearance in serum is consistently faster than that from tumor. For both tumor and 
serum, the half-life of F(ab')2 fragments are significantly shorter than that of intact 
MAb (all p<0.01). Also the half-life of intact MAb MX-35 was shorter than for control 

antibody in both tumor and serum (both p<0.01). However, the half-life of F(ab')j 
fragments of MAb MX-35 in tumor were longer than for the control antibody fragments 

(P<0.01) and in serum there were no differences between the half-lives of F(ab')j 
fragments of MAb MX-35 and the contnsi antibody (P<0.1). As a result, the clearance 
of F(ab')2 fragments of MAb MX-35 is relatively faster in serum than in tumor. 

Blodlatributlon Dat^ 

Following injection of radiolabeled antibody, peak percent injected dose (mean value) 
per gram of tumor tissue was 1.6 at 24 hrs for IV and 2.4 at 12 hrs for IP routes of 
injection for the intact MAb MX-35 (Figure 2b). The corresponding values at 12 hrs 
were 10.4 for IV and 8.2 for IP administration for F(ab')j fragments of MAb MX-35. 
There was no specific localization of the control MAbs In the tumor with peak % 
injected dose per gram tissue of 0.4 and 2.0 for intact antibody and F(ab')j fragments. 

respectively both IV and IP routes of injection. 
Accumulation of radioactivity in nomal tissues was consistently lower, for both intact 
mAb and fragments, than in tumor tissue. Table 2 gives some representative data for 
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one time point (24 hrs) and data for other time points are presented as tumor/normal 
tissue ratios in Table 3 and Figure 3. Ratios of tumor to blood, tumor to liver and 
tumor to muscle had similar patterns. The ratios of MAb MX-35 F{ab*)2 fragments 
increased with time and. in most cases reached a maximum at 61 hrs for both IV and 
IP routes of injection (Figures 3B. 3D. 3F). The ratios of intact MAb MX-SS also had 

an increasing trend when administered IV (Figures 3A. 3C. 3E). However, when 
given IP. neither intact MAb or F(ah\ fragments of the control antibody had apparent 
changes over time. The mean ratios at 61 hrs for F(ab\ fragments and the mean 
ratios at 72 hrs for intact antibody are tabulated in Table 3. This subset of data was 
chosen to be close to the peak area within the nature of the study design. Table 3 
demonstrated that tumor to nonnal tissue ratios were much higher for MX-35 (Fab'), 
fragments than for any other combination and that the ratios for the IP and IV 
experimental groups were very similar. 
Localization Data 

Data for the localization of radiolabeled MAb in tumor relative to blood are shown in 
Figure 4. The mean LI for F(ab*)j reached a value of 20.6 and 15.2 at 61 .hrs for IV 
and IP injections, respectively, while mean LI for intact MAb was 4.8 and 4.3 for IV 
and IP injections, respectively with the former value being reached at 72 hrs and the 

latter at 24 hrs. The differences between IV and IP administrations were not 
significant except for that of intact antibody at 12 hrs (p<0.05) and 24 hrs (p<0.02). 
Generally. F(ab')j fragments had higher LI than that of intact antibody (p<0.01 at 48 

hrs). 
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Discussion 

Immunologic binding characteristics of the antibody and the accessibility of the 
antigenic sites in the tumor are the fundamental basis for the selection of MAbs for 
MAb-directed radio-immunodiagnosis or radioimmunotherapy of solid tumors. 
Monoclonal antibodies with desirable characteristics should produce high tumor 
uptake and accompanying low background activity, i.e., a high target to nontarget 
ratios, and uniform MAb accumulation within the tumor (Sands et al., 1990; Sharkey 

et ah, 1990; Waldman et al.. 1991). The delivery of MAbs into the tumor is 
influenced by two major determinants; 1) MAb properties such as binding affinity, size 
of the antibody molecule, dose, immunoreactivity and internalization, and 2) intrinsic 
tumor properties such as histology, antigen density and homogeneity, vascularity, 
blood flow, permeability, and size of the tumor (Jain. 1987). In our study, intrinsic 
tumor properties and MAb properties remained constant between the two experiments 
except for changes in molecular size of the MAb MX-35. 
As the transport of solute molecules into the tumor interstitium is governed by the 
biological and physicochemical properties of the diffusing molecule, the molecular 
weight of the administered antibody will strongly influence the rate of passive diffusion 
across both interstitial and extravascular subcompartments and cell membranes (Jain, 

1987). Inaccessibility of antigen-bearing tumor celts to MAbs appear to be a major 
cause of inhomogeneous distribution of MAb in the tumor. In order to circumvent the 
problems associated with poor penetration of MAb into tumors, molecules of lower 
molecular weight are preferable for in vivo immunotargeting. Also, an additional 
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advantage for low molecular-weight MAbs are. their rapid clearance by urinary 
excretion (Bergardat et at.. 1970: Buchegger et al.. 1986: Endo et al.. 1988). 
Moreover, the fragments lack the Fc region responsible for nonspecific tissue uptake. 
Radiolabeled fragments are. therefore, usually superior to whole IgG when used for in 
vivo immunotargeting (Buraggi et al.. 1985; Andrew et al.. 1986; Baum et al.. 1986; 
Andrew et al.. 1988). Although these advantages hold true for both Fab and FCab')^. 
reports dealing with studies on absolute tumor uptake of whole IgG. Fab and F(ab')j 
often show a decrease in tumor uptake of fragments when compared to whole IgG. 
most likely the result of increased clearance from the blood and a decreased affinity 
inherent in the generation of fragments (Buchegger et al.. 1986; Colapinto et al.. 
1988: Endo et al.. 1988); Wahl et al.. 1983). Intact IgG usually gives the highest 
tumor uptake but this virtue may be overshadowed by high background levels of 
radioactivity. The renal clearance of whole IgG is relatively slow due to its high 
molecular weight, whereas fragments are rapidly cleared, thereby improving the 

tumor/background ratio. 
In our investigation, we compared the characteristics of whole antibody MX-35 and its 

F(ab )j fragments with regard to biodistribution In nude mice bearing OVCAR-3 
xenografts. We noted significant differences in biodistribution between labeled F(ab')2 
fragments and whole antibody MX-SS. even though the immunoreactive fraction of the 
labeled antibody was very similar for both. Tumor to norma! organ ratios were much 
higher for F(ab')j fragments as compared to IgG. Additionally, tumor to blood ratios 
for the F(ab )j fragments were approximately 7 times as high at 61 hrs as for IgG at 
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72 hrs or later (152 hrs) which is a similar finding to previous results obtained with 
intact MAbs and their fragments (Molthoff et a!.. 1992; Gerretsen et al.. 1991). 
Interestingly, there was an approximately 5-fold increase in % Injected dose per gram 
with F{ab')j fragments as compared to whole antibody resulting in a higher 
localization index (i.e.. a higher specific/nonspecific tumor ratio). Our findings 
contrast with previous reports that have suggested that intact IgG's produce the 
highest levels of tumor uptake, while fragments produced significantly lower values. 
Molthoff et al. (1992) reported maximum absolute tumor uptake for intact IgG ranging 

from 8.5 to 17.7% injected dose per gram for antibody whereas for the respective 
F(ab')j fragments the maximum values were 5.2% to 10% injected dose per gram. In 
the same context. Gerretsen et al. (1992) reported a mean tumor uptake as 14% for 
whole IgG and 7.2% for F(ab*)j fragments of the same antibody E48. However, in 
this particular study the investigators did not determine the binding affinities for the 
fragments. In a clinical study of mAb M0V18 in ovarian cancer patients, Buist et al. 

(1993) reported %ID/kg of 6.2 and 0.9 for Intact IgG and F(ab')2. respectively. 
The basis for the superior tumor uptake by fragments is in our study not clear. The 
effect, could be due to the slightly higher affinity shown by the fragments. It is also 
possible that the number of effective binding sites in the tumor is higher with F(ab )2 
fragments than with intact IgG due to better accessibility to the cell surface antigen as 

a consequence of reduced molecular size. Less surface area is occupied by the 
smaller F(ab')2 rnolecules (Molthoff et al. 1992) which might escape a transportation 
barrier to which the intact antibody is vulnerable. Nevertheless, the number of 
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binding sites/cell measured in vitro with OVCAR-3 cells was very similar for both 
forms of the MAb MX-35. Also, the off-rates for the cell-bound whole IgG and the 
fragment are very similar. Another possibility is that the intact MAb may be reacting 
with Fc receptors in tissues or in blood cells, although this is unlikely as mouse IgG, 
antibodies such as MAb MX-SS. do not show this property. The explanation for the 

superior properties of the fragment will be the subject of further studies. 
In summary, the use of F{ab")j fragments of MAb MX-35 strongly improved absolute 
tumor uptake of the MAb when compared directly with intact MAb MX-35. An on- 
going clinical study in patients with epithelial ovarian cancer on the localization of '"l- 
labeled whole MX-35 antibody has demonstrated modest accumulation (mean %ID g ' 
= 1.08 X 10 ' at 7 days) of the antibody In tumors (Rubin et al.. 1993). These data 
are comparable to the values noted in the present animal study for whole antibody. 
This study therefore provides a rationale for a clinical study in patients with epithelial 
ovarian cancer patients using radiolabeled F(ab')j fragments. 
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lsb!&_L Comparison of Serum and Tumor Half Lives of Whole 
Antibody and Antibody Fragments 



Antibody h alf-life fhours^ 
Route Serum Tumor 



MX.35 intact IV 30.8 42.0 

IP 39.3 36.7 

L6« intact iv nD' ND 

'P 77.5 141.6 

MX.35 F(ab'), IV 9.0 16.6 

'P 9.5 16.6 

L6«F(ab'), IV 10.9 12.0 

'P 10.1 12.1 



For intact and F(ab')j fomis of MX-35. 3 or 4 mice were used for each time 
point (IV or IP) except for the 61 and 68 hr time points with the FCab"), 
fragments when 2 mice were used. For the control MAb, 2 mice were used for 
each time point except for the 24. 61 and 68 hr IP points when one mouse was 
used. 

Not determined. The antibody level essentially did not decline during this time • 
period. The slope was close to 0. 
MAb L6 anti-id 13B was used as control. 
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Brief Description of the Figures 

Figure 1: Sodium dodecyl sulfate-polyacrylamide gel electrophoretic analysis 

under reducing conditions of MAb MX-35 (lanes a. b. c) and control MAb 
L6 anti-id 13B (lanes d, e. f) before enzyme treatment (lanes a. d); after 
pepsin digestion overnight at 37 C (lanes b. e); and following passage 
through a protein A column to remove undigested intact IgG (lanes c, f). 
The gel bands are visualized by Coomassie blue staining. Bands of Mr 
50,000, Mr 25.000 and Mr 23,000 correspond to the heavy chains (he), 
heavy chain fragments (hc-f), and light chains (Ic). respectively. 



Figure 2: Mean percentages of injected radioactivity in blood (Panel A) and in 

tumor (Panel B) showing clearance of intact IgG and F(ab')2 fragments 
of MAb MX-35 and control MAb L6 anti-id 138. For intact IgG N=6 for 
all time points. For F(ab')j fragments of MAb MX-35 U~7 at 12. 24. and 
48 hours. N^B at 38 hours and N^s at 61 and 68 hours. The- 
experimental groups (IP and IV combined) are distinguished as follows: 
intact MAb MX-35 (black dashed line): MAb MX-35 F(ab% fragments 
(black solid line); control intact MAb L6 (stippled dashed line); and 
control MAb L6 F(ab')2 fragments (stippled solid line). Vertical bars 
indicate range or +/-2 standard errors. 



Figure 3; Biodistribution data indicating tumor to blood ratios (A, B), tumor to 
muscle ratios (C, D); and tumor to liver ratios (E, F) and comparing 
intact IgG (A. C. E) and F(ab')2 fragments (B. D. F). All groups 
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consisted of 3 or 4 mice per time point. The ratios for F(ab')2 ^gments 
continued to increase up to 68 hours whereas intact antibody did not 
show an apparent change over time. The experimental groups are 
distinguished as follows: intact or fragmented MAb MX-35 by IP 
injection (black solid line) or by IV injection (black dashed line); intact or 
fragmented control MAb L6 by IP injection (stippled solid line) or by IV 
injection (stippled dashed line). Vertical bars indicate range or +/- 2 
standard errors. 



Figure 4: Comparison of tumor localization for intact IgG and F(ab')2 fragments. 

The localization index reflects the ratio of activities in tumor of "specific" 
intact MAb MX-35 and F(ab')2 fragments over "nonspecific" control intact 
MAb L6 and F(ab')2 fragments and corrected for blood activity at the 
same time. There was much more rapid development of specific uptake 
with F(ab')2 fragments of MAb MX-35 as compared to the intact MAb 
MX-35. The experimental groups are distinguished as follows: intact 
IgG by IP injection (stippled dashed line) or by IV injection (stippled soiki 
line): F(ab')2 fragments by IP injection (black dashed line) or by IV 
injection (black solid line). Vertical bars indicate range or H-2 standard 
errors. 
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6ynop«t«: 



TMs i6 a Pha»« I doi« wcalation «tudy g»ing '»"UMX35 F(ab'), (2 mfi/ddM) for 
traatmant of patianu with tew voluma (s 0.5 em diamater. documantad at po«- 
ehamotharapy lapawtomy) MXJ5 amlgan-axpraawng (>25% of calls in an average high 
power fleW) ovarian carcinoma, Three patienta per dasa laval will be followed for up to 8 
waeka with btechaftilcal and hamatologic tatta for toxicity, and CA-126 estimation, for 
reaponae. Tne fSrat cohort of pttianta will rocalve W.mCI "M labalad to 2 mg MX35 
P(ab')2 antibody. Subsequent deaa aaeaimion will be In 30 mCl **M (labalAd to 2 mg 
MX35 F(ab'},). Pattenta wHI batraatad as outpatlcnta In tha Adult Day Hoapiial. Doses 
w«l be adruiniatat»d at Intarvals of 4-5 days. Patients at the first dosa level will receive 
one outpatient infualon. Patienta at subaequent dose level* will receive repeat 
outpatient Infuslona at laaat 4 day* after tha prior Wusion. with total patient radiation 
levels to be < s mWh at i meter at oompiation of InfUalon. All Infuslona will be 
completed wtthin 14 days, to obvlata/mlnlmiza antl-murine antibody reaponaea during 
Infusion. In the abaence of disease pregrassion and afkerrscovenr from toxicity petienta 
may be recreated beginning 8 waeka after the prior Infusion, for a total of not more than 
three treatmente. 

A Maximum Toieratad Doia (MTO) wiu be datamfilnad. defined as the hlgnait 
dose at which not more Than a thlni of the patients have Grade IV hematopoietic or 
Orado lit or greater non^eniatopoletlc toxicity. Seroioglcally eveluable petienta will be 
studied for peaalble raapenses. 
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1 • OBJECTIVE: 

To <i«t«rmin« th« safoty. ttnddty and maximuni tolanattd doae (MTO) of ""'l' 
MX36 FCabOs adminiatf rad by intraperttoncai (ip) injedien to patients with msidusl 
ovarian canear. 

2 BACKGROUND AND RATIONALE: 

2. 1 Currant tharapy of ovarian earclnomt. 

EptmaiW ovarian eaneer (EOC) ia tha fMh tr.ott common malignancy and 
tne leading causa of daath from gynecologic malignandas among women in the 
United Statea. with'an annual ineldenea of 26.000 caaaa. The diaaaae 
predominantty affects postmenopausal women in their sbeth decade and 
accounts for approxlmataiy 16.000 deaths each year (1). Seventy percent of 
women present with advanced dtaease in which the tumor has spread to the 
pertteneal surface of the upper abdomen. Extensive Intraabdominal disease is 
dUflouit to eradicate eompleteiy by surgery, and menv patients have only a partial 
responca to postoperative chemotherapy. 

Atumor.assodat8d antigen. CA-129. found in senjm, is used as a 
diaease marker. Semm CA.12a levei ia eleveted In approximatefy 10% ef 
pilfants wtih COC and is a uaefUl indicator of diaaaae statua during and after 
therapy in those patients. Adequate and eompiate surgteai intervention is 
mandatory primary therapy for ovarian carcinoma, pemnitting precise etaging. 
accurate diagnosis and optimal cytonsduction. This is usuaOy foiiowed by 
eambination chemoiherBpy that Indudes e plefa'num enaiogue • either ciapiatin or 
cerfoeplatin. A pietinum-oontaining rsgtmen farms the cornerstone of first-'ine . 
treatment of advanced EOC. Chemotherapy is moat effectiva in patients who 
have undergone majdmal eytoraduetive ewrgery or who preeent with lew volume 
diaeaee. Preliminary reeuita atrengiy suggest that paciitaxei (Tsxel) is very aetivs 
in EOC. Sbt eydee ef ehemotherepy neve become the standsrd and yield eUnieai 
response rates of an)raxtmataly 60% to 70% and S^ar aunrlvala ef 10% to 
20% (2). 

A combination of CA>125 teatlng ynd oeneral physical and pelvic 
examlnationa have been shown to detect pregnsaaion of diaease in 60% ef 
patlenta with raeurrent EOC. However, benign diaease een give Mae poaitive 
predietiena in up to 10% of auch patients. Serial rise in CA-125 levels > 25% 
have bean shown in several atudiee to predict pregrasaion with aimoet 1 00% 
apeeiflcity (3,4.$). Routine radioiogleai examinations (CT. MRl) have not been 
snown to Improve detection of recurrsnee, and theae studiaa ere not routinely 
used In evaluation. 

Currently avalable salvage therapy fbr the malortty of patients with 
relapsed EOC is net curative. Paciitaxei ie the moat active single agent for 
treatmsnt of relepse, svsn in patisnts rsfrectery to platinum, it has e generei 
response rate of appreximeteiy 36% (2). There ie no evidence et present that 
eany reintredueUon ef chemotherapy ia of any aurvivai benefit, or thet aearehing 
for tha aita of relapse wiO result in surgary that can improve aurvivai. Repeat 



90 



SUBSTITUTE SHEET (RULE 26) 





wo 96/40295 



PCTAJS96/09819 



surgical d^bufking may banafii a tubtat ef highly lalaetad patlanta with relapaa 
and MTvas to palliate compiieationi luch a$ fcowal obt truetion, to Improve the ' 
quality of life. When a patient relapaas for the second time, even with !ow.volume 
disease, there 1$ aimoat no poasiblllty of cure. 

Thoro ia thus a need of devolopment for alternative treatment strategies in 
patienta who demonstrate residual diaeaae at the time of reoeat laparotomy 
(canied out after Initie! debulking and chemotherapy). 

2.1 .1 Intavpariteneal radlolsbeled entibody tharap/ in SOC. 

Ovarian cancer remains largoty confined to the peritcneel cavity 
during much of fU natural hlatory, Thia haa encouraged intracavitary use 
of e variety of therapauttc radiopharmaceutioela, such aa colloidal 
cnromtc phoaphata. for advanced disaasa. Radrolabelad antibodias wara 
Tlrat introduced by tntracavftary Injactton by Epanetos af a/ (6). Thay 
claimed that a higher concentration of radioactivity could be acntavao in 
turnor after local Inatillatlon than by systemic administration. Preilmfnary 
etudies In ovarian cancer, using first and then ••Y- labeled MMFG 
antibodies showed promise (7. 6). Patients with second relapse showed 
longer dlseeae*frea aun^ival than historical controls {15/1Q free of disease 
® 6 yean} after treatment with ^-HMPO. The group also described the 
use of a chelete, adminiatefsd to cteer the blood of free aa a way to 
improve the MTD by a factor of 3 (8). Toxicity wes almoat excluatveiy 
hematopoietic. 

A vanaty of other investigators have subaequentfy ahown the 
tienefita of IP inlectlon of radloiebeied antibody in ovarian cancer with 
reaponae ratn of >90% even in advanced diaeaae (9, 10. 1 1). Howevar. 
moat aeries, with the exception of the studies by Epenetoa ef al. were in 
patients with bulky diaease who had faBed prior diemotherapy. and 
responses wens of short duration. 

Radielabeied antibodlaa are most effective in small volume diaeese 
and the ideal triei design would involve relapsed patients with smsU 
volume disease. Complete responses should be possible in this setting. 

in prailmlnary IP tnala with *^M-B72.3 (12), radioactMty uptake in 
peritoneal impianta waa ahown to be eonaiderabty better by the IP routa 
than by the IV route, ea oppoaed to more vascuianzed tumora. 
Concentration wea exoeilent and tumortddal ooaes of B0«1 00 Qy were 
predicted from the btodiatribution (13). 

In e Pheae i dose escalation IP trial with '*^l*B72.3, doeea of up to 
126 mCi ware well tolerated. One patient, with a gastrointeatlnal primary 
and paritoneai implants, is now fknse ef disease 8 years aftar treatment 
with 100 mCl '•^•872.3 IP (A. Raubitschak, panonal communication. 
1H9). 

22 Antibody Background 

Devaiepment and epeelflcity 

Monoclonal antibody MX36 is a murine IgOt that was developed In 
the laboratory ef Dr. Kenneth 0. tJoyd at the Sloan-Kettering Institute (14). 
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Frtah ovarian careinomt tptclm^nt, including two aolld tumors and tv^o 
stmplas of tsdtas c«lli. wtra ustd as tha immunogeni. Tha antibody 
haa baan tastad for raaetivity on « wida variety of eryoatat taotiona of 
normal aiKl mangnant human ttaauaa, btsua cuttura etU Gnas, and ABO 
blood group-relatad antlgan praparatlons, and bloehamical 
charactadzation has been performed, in fraih frozen saetions. MX3S vwas 
detected in epitheGai cells of the normal bronchus. Iung» sweat glands, 
kidney collecting ducts, thyroid, fallopian tube, cervix and uterus. All other 
tiesues examined, including normal mesothetium (peritoneum) were 
negativa. MXU was detected in aeetions of 420 of 460 fresh frozen 
overian carcinomas* In tissue culture, MX35 waa detected on 3 of 8 
ovarian canosr ceil lirwe. 

2.2.2 MX3S IgO ellntosi trial: In a einicel trial of intact MX3S 

administered intravenousry or IntraperitoneaJfy to ovarian cancer 
petienu conducted at Memorial Sloan-Kattering (IRB 80-118). 
twanty*two padenta with aetvenoad ovarian cancer received or 
'-'^'l-iabeled MX 3S In dosea of 2, 10, or 20 mg edmlnlatared by 
Intravenous (iV) or intraperitoneel (IP) inlection. AH patients 
undenwent leperotomy et 7 to 20 days foilov^ng MAb injecdon to 
assess tumor drstrtbutf on, obtain biopsies of tumor and normal 
tisaue. and evaluate the use of en irrtraoperatlve hand held 
gamms-detaetfng device. Following A/ injection, eanjm MAb half 
Ufte was 38 hours. Tumor biopales obtained at surgery ehowed 
MAb accumulation of from 3.8x10^ to 4.0x10^ % injected 
dose/gram of tisaue . Thens waa no correlation between aoeolute 
MAb accumulation in tumor and MAb doee edmlnlatared. There 
wae e generel, though not statistically signlflcan relatlonsniD 
between MAb uptalce and the level of bmmunohiatochamicai 
e)q3ression of the MX 35 entigen in e given patienfa tumor. 
Regreseien anaiysle showed e con-elation between MAb 
aecumuletion end the interval between MAb Injection end surgery 
(P ■ 0.008)* Specific locaRzation of MAb in tumor wee 
demonstrated oy tumornormai tissue ratios ranging ftem 2.3:1 to 
34:1 (mean 9.6:1). The tumennonnei tissue ratios were not 
eigntficanlty related to MAb dose, the ievai of immunohistochemicai 
entigen expression, or the interval between MAb Injection and 
eurgery. Due to tiie relatively long eerum half life, mean 
tumorsenam ratios were only 1 .60 feUowtng IV Injection. This ratio 
did not eorrelate with MAb doee, deys Urom injection, or antigen 
exprssfien. There waa an excellent oorretation (P - <0.0001) 
between MAb uptake, as m.easurad by the intraoperative hend«hald 
gamms counter, and direct gamma counting of excised tiasuea. No 
toxicity was seen In thia trtal (18). It Is hoped that the use of MX 35 
P^')2 frsgmenti will speed cleeranoe of circulating end non- 
speeificeliy bound antibody end thua result In Improved tumor to 
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blood and tumor to normal tisaue ratioa. 
2.2.3 Pra^tlnlcal MX3S P(Ab')a Fngmant Data in a ruda mouae 
model of human ovarian cancar the biodiatribution of radlolabated 
intact MX 35 waa compared to that of radiolabelod MX35 FCAb"), 
fragmenta (Koatakoglu. L. and Rubin, fi.. unpublished data, 1995). 
Immunedafleian: mice vyera inoculated IP wiei the human ovarian 
cancer cell line OVCAR-3. After eatabllahment of tumor growth the 
animala ware in]eeted eithtr IP cr iV with 131-1 labeled intact MX36 
or F(Ab')| ftegmanta. The nonraacUve antfiaody anti-id L6 waa 
uaed at a nagattve control for the intact antibody and fragments. 
Anfmalf warn aacnficed at vanoua time points batween i end B 
daya for direct gamma counting to detennlne blood, tumor, and 
nomial ttasue ievela of spedflc and control antibody. Whole body 
gamma counting wae performed to «$eeaa antibody clearanoe. 
Serum VA waa approdmately 30 hra for the intact antibody and 12 
hours for the P(ab% fragments, with no eigntflcant difference by 
route of injection . Specific tocaraaticn of intact MX36 to tumor waa 
demenatratfid for both reutea of injection, with peek tumor to 
normal tlaaua ratioa of 12:1 and 14:1 following IP and IV injection 
raspacttveiy . Peak ratioa for the F{^t\ fragments were 65 and 33 
by the IP and IV routea respectively. There wnB ro evidence for 
specific locaiization of either control MAb. Absolute accumulation 
of Intact antibody In tumor waa in the range of 0.S to 3.0 H of 
Injected doae/gm, compared to 7 to 1 0H (or the FlAh% fragments 
Tumor to bbod ratioai which never rose ebove one uaing Intact 
antibody, raeehad a range of 12 to 17 at ei houra following IV or IP 
IniectkMi of P(AbOi< firagmenta. These data auggeat that the use of 
fragmenta wlU accelerate clearance of antibody from the circuletion. 
reauMng In Increaaed tumor to normal tissue snd tumor to blood 
railoe. 

2J2A CtlrUeal trial With MX as F(abV 

A pre*surgiQal trial with redioiodlnated hAK 35 P(ab*)t was recemfy 
carried out at thie Center (IfU #84-13). Five patients received 2mg and 
one patient received 10 mg MX 35 F(ab')s by the IV route. Two patients 
received 2 mg MX 36 F(eb')^ IP. The atudy ravealed that there was 
apedfio targeting of redloansbody to antigen-poettive tumor cells, aa 
determined by contlguoua allce comperiaon of hiatopathoiogy. 
Immunochemlstry. end automdiography. Most *tumor nodulee' oonsiatod 
largely of fibrous tiaaua wtth clusters of tumor cells within; conventional 
parameters of antibody targeting such as tumoraenim ratios were not 
therefore useM. Based on this smalt sample size, it appeara that MX 35 
FCab*)! tumor uptake it not dose^ependent. and that tumor upbike to 
greater when tfte antibody is administered IP. 

A rrtajor constraint precluding completion of thIe triel was eccruel. 
Moat patients were unwining to partidpste because they would be unable 
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to raMivB sny lharapeutc antibody. 
2.2.S iodtn»«1)l 

iodine«191 hat baan utad in tha tharapy of diffarantiatad thyroid 
cancer for aavaratdaeaoaa. Tha biediatribution and kfnatica of fraa iodide 
are well known; uptaica of radloactva iodtna by thyroid and stomach can 
be effectivoiy biocicad by oru admlnlacratlcr of stable iodide: radioioldina 
can be atabty conjugatad to antibody: and axpedenca wifi) ayatamie 
admlnlatratlon of ndioiodinated antibodias in solid tumors, lymphomas 
and laukamias la eonsidarabla and growinQ. 

Ita rafativafy low 0.6 MoVO enersy bata*minus (3^) amiisiona 
may prova optimal for small voiuma diaaasa; its gamma emiasion (304 
KaV) win pam^ axiamal imaglngi 
2.3 Tha Rola of Intraparftonaal tharapy In ovarian oanear 

in sprta of tha hlgn raaponsaa achiavad with plaiinum-basad tharapy In 
ovartan cancar. tha numfiar of pattam* achraving a-pathologtcaily documantad 
negative aaoond-look oparaflon ramalna in tha 20-2S% ranga. For thoaa patlants 
achieving a ccmpleta rasponce to front-nna t^.arapy. tha uaa of intraparftonaal 
chemotherapy ta potentially banafldal. particuJarly In the situation whera tumor ;s 
confined to tha parrtoneal cavity* an axtravaacuiar space, thus ailowtng tha 
achievement of higher dmg concentratlona to reach tha tumor than achiavabia 
by intravanoua tharapy alena« 

3 Summsry: 

Tha ratlonala for tha use of **M-MX3S Ftab'), in ovarian cancer Is based on tha 
localization of tha antibody studied by autoradiography in a curmnt dinieal Lnal (IRB 
#84-18) and on untform dtstrtbutlon of anngan In expressing ovartan tumora. The 
rationaie for Intraperttonaal administration is baaed on the obaarvatlon that tha disease 
Is largely conffned to the perftoneel cwdty and ia therefore Ideally suited for intracaviury 
therapy. Oelrvtry of the radiolabeled antbody into the peritoneal cavity allowa greater 
cAncentration In tumora while radudng radiation exposure to normal tissue, pertlcularfy 
bone marrow, fodine-131 la the praferred radfonuofide as it can be attached easily to 
the antibody: there le llttie noA.speeHlc binding; its beta^tnus amission characteristics 
ere optimal for radiolmmunotharapy: because prtor dinieal experience has shown that 
the radlota&aied amttsody targets to tumor in vhm: and, given the proposed doaing 
schedule, outpatient tharapy wttl be rassiMe. 

Tumor will be obtained fbr immunohlstochamlcal datarmtnation of antigen 
expression. Onfy thoae patients that are antigen-positNe (> 23% of tumor celta positiva 
in an average high power field), wOI be eligible for the trial, so that therapeutic benefit 
may be axpeeted. Patienta will be treated between 4 and e weaics efter reps«Hook 
aurgery with the appropriate dose of **^UMX35 F(ab% ip. They wf3 then be obaerved for 
toxidty. aspaciaity bone marrow (vxfa infm). 
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4 MONOCLONAL ANTIBODY MXSe F(Ab*), 

4.1 Supply 

Monoclonal antibody MX3S in a fomn aaliafadary for human administration 
wtlt be producad at ma Sioan-Kattaring L«boratoriai under the aupervtaion cf Dr. 
Uoyd J. Old. 

4.2 Produettdn 

Hybridoma aadtet li producad in priitana treated, irradiated (BALB/c x 
CS7BL/fi) Pi niice. High titer ascites batchM are pocled for purification. Aaeitea la 
teeted for murine virua (MAP. M86V, EdIM. thymic vlrua. LOH. MuLV [complftte] 
LCM). Only eaertoa bt^ea negative in theae teats ere pooled fbr purffication. 

4.3 Puriflo«tlon 

MX36 win be purified fSrbm aacHea through several staps including removal 
of npoprotein by uttraceotrifUgatlon at 100,000 g. ammonium autfata precipitatior, 
and cnrcmetographic fractibnation. POrtfted MX3& wHi be teeted for absence of 
DNA end eharaetartzed by elaetrephoreaia* 
«.4 Production of MX U FCAb'^fragmenta 

MX 35 F(Ab% ftagmanta will be producad In the laboratory of Dr. Kannoth 
0. Uoyd by papain digaatton of Intact antibody, which cleaves the igG molecule 
at the.F« region, ganarating an PCAfi*), frigmant of approximatety 1QO.0O0 
daltons, and various amaller Fefragmenti. The prolaaaa is subsequently 
inaotivated and compiaxed with an anti«papain antibody. The mbcture Is then 
passed through a protein A cartridga. whtdi ramovae the comolexed papain and 
undlgeated IgG. The F(Ab')3.fragrTMinta ere eolleeted in the flew through 
firaetiona, and the amalter Fe fragmenta (leea than 60,000 daKona) that may eo« 
eiute are removed by dialysis uaing a 60,000 MW outofF membrane. 

Tha product la characcartzad by SDS-polyacrylamlde gel electrophoraeis 
for Its blochamlcal puitty. it Is tested for reaUual papain by Western blotting with 
an anti<-pepain antibody, it ie aiao tasted for the praaence of blood group A 
antigen (a poaable contaminant of papeln) with an antl^A antibody. 
4.6 Pracllnleat Safety Taatlng 

Puriflad MX 36 P(AB')2 fragments will undergo aafety taating including the 
pyrogenidty eaeay in rabbita. starfiity tasting, and general safety taste In animaia. 
Only batohaa of MX 35 FCAB^a fragmenU that aadaf/ tha purity and aafety 
criteria outlined above (In aceordanoa with current FDA guidalines) will be used 
in tha proposad study. 
4.6 LaballnoofMX36F(ab'}2Vii(th^^i 

2 mg MX 36 F{ab^ will be labeled with 30 mCi "^1. Stariia techniqua and 
pyrogen-firea glassware are uaad In all tabanng atapa. To tha requistta amount of 
MAb F{AB*}2< at a pH of 7.4. will ba addad the requlalte quantity of '^'1. 90 pi of 
fraahty prepared chloramIne«T (2 pg/ul) wOl be added and the solution incubated 
at room tempersture for 2 minutes after which the reaction will be atopped by 
addition of 60 pi of sodium matablaulflte (1 0 pg/Vi) and tranaferred to e i 0 mi 
Blogal PS column (50*100 meeh). Practiona with tha highest emount of 
radioactivity are pooled and HKered through e .22 h AKer- inmunoreaetlvfty of 
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fa MM antibody wfli b« testtd by csquentiai absorptivt eaaey with an antigen* 
axpraasing cmt\ Una. 

Thm axact amount of radioiodlnatad MAb F(ab% to bo injactad will ba 2.0 
mg. The amount of m tha final product will be meaturad in a dota calibrator 
pric: to injection. Thia will enable lutura phanmaeoklnetie and biodlatrfbution 
quantitation. 

4.6. 1 Route of admlniatratlon: Dcaaa will ba admlnlaterad 

intraperitoneally. in 100 wL 5% human aerum abumln. over 30 
minutea. Up to 2 Dtera of ncnrial aatino will subaequently be 
edminittered intrtpadtonaally to aid dlatribu&on. 

PROTICTION OP HUMAM SUBJECTS 

9.1 A Human AntiMout e Antibody raaponae la invariable following 
adminlatTBtbn of mouse antibody to patients with aolid tumora. Thla may 
interrere witn aerolofiic taata inOuding CA-125. Potential riaka to 
intraperlioneal ndioinftfrunotherapy (RrQ Include myeioauppraaaton. No 
doae-nn^ltlng non-^ematologic toxicity or side-efTem have been noted in 
therepy triala with up to 75 mCi/m^ IV "'l. 

5.2 Potential btneflta indude Increased time to progreaston. 

6.3 Thrombooytopenie hei been the doao-llmrting toadoify with other RIT. Tha 
patientfa platelet ecunt will be mcnttored trequentiy (vrtfe Infm) and piatalel 
b^ns fuaions given per hospital guidelines whan neoessery. Neutropenia 
will be managed wtth G^F administrations pre guldelinee. All patient 
material end data that Is sent cuuide the Institution wiO be identified by the 
hoaplcal MRN number; tne patients identity wW otnen^'ae not be 
diacioaed. 

5.4 ainca the patient haa failed standard surgery/chemotherapy, tha RiT may 
be of benefit, with othanvlae ailnlmai side-eflecta. Estimation of 
therapeudo doaa ahould moreover pennit Phaae II triala In paflenta. v^lh 
potential eflloaoy* 

5. S There le no atandard therepy avaliable for patients who will be eligible to 
antar thte study. Other w^erimental therapies Inoiude other IP 
chamotherapy regimena» aa wafl as exparimantal systemic chemotherapy. 

5.8 T7^ patients will be responsible fbr standard tests Including CSC, 
aoreentng prefliea, and CA-126 estimation. The patient wOl atoo be 
raaponalble Ibr physician chergea. The imertoron^amma, radiolabeled 
antibody and all In vftro studies oonsequent to the therapy will be offered 
without cha/ga, unless the radiopharmaceuticel and/or the IFN-y is 
approved for use for this Indieation by the FDA. 

PATIENT EUOIBIUrr 

6.1 Patlenta must heve hlstologlcaiTy confirmed ovarian carcinoma. 

0.2 AJI patlenta with ovarian carcinoma scneduled to undergo surgical re« 

asaesantent aftar chemotherapy wHI be eligible. 
6.3 Padente with minimal residual dieeese after standard surgical dabulKing 
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and chomolhenipy. who aro t Sgibis for Intraptrltoneai cnamotherapy, will 
b# •li^ible for •ntry into th« protocol. 

6.4 Pdti«nta muat be wHEng to Twcmhrn further intrapeiltcnaal cn«mother&py If 
eligible. 

6.5 Onfy thoM patierito who fulfli the following criteria wUI be eligible for the 
study! 

6. S.I MX3S antigen tumor expression > 25% (ie. at least 26% cf ceila in 
an average high«power field should be reeetive with MX35 on 
immunohlstoehemUiry). 

e.S2 Reaklual dieeate efter surgical aaaaasmsm < 0.5 em diameter in a 
patient deemed to be e good candidate for Intraparitonadi therapy. 

6 Uneventful piaoeinent of en indwelling intraperitoneal catnecer. 

8.6 Kamofaky porfbrmance alatua of 1 00%. 

6.7 Patlenle muat have adequate organ function as deflned by: 
8.7.1 VM8C'i SOOOMnm*. platelet count 1 1 0O.00OAnm^ 
B.7J2 Bilirubin < 2.0 mg/100 ml . 

e.7.3 Creatinine & 2.0 mg/100 ml or creatinine clearance > 40 ml/mtn. 
{These teats may be carried out wKhin 2 weeKs of atarting therapy.) 
0.8 No evidence of acttve Infection wnich requires antibiotic therapy. 
0.9 Signed informed coneenL 
0.10 Pelienta must be et leaat 18 yeara of ege. 

0. 1 r Patienta muat haw recovered fkom the toxicity of any prior therapy, and 
net received chemotherapy or radiation therapy for at leaat 4 weeks prior 
to entry into the trial. 

7 EXCLUSION CRITVUA: 

7. 1 Petienta with no evidence of reaiduai diaeeae et aurgioei aaaeaament ere 
Ineligible, 

7.2 Pattertta in whom surgical aaaeaament wee cenled out > 4$ daya prior to 
entry into protocol are ineilgfble. 

7.3 Patianta with dense intraperttoneal adhealona preventfng adequete 
Intraperitoneal distribution are Inellglbie. 

7.4 MX38 tumor expreeaion ^ 2S% (Ie. '<2S% of ceila in an average high- 
pow^r field reeotive with MX36 on immunohiatochemiatry). 

7.5 Concun^nt radlotherepy other than ^'^i-MX38 PCabOi la not pemnltted. 

7.8 Patienta with any significant Intereunvnt medicet prebiema which will limit 
the amount of '^144X35 F(eb7s they oen tolerate are ineligible for thb 
Phase i atudy. 

7.7 Clinically algntftcant cardiac diaease (New Yoric Heart Aaaoeietion Class 
lll/IV). or severs debtlKatino pulmonary diaeaae. 

7.8 Survivai expectancy less then 1 2 weeica. 

7.8 Prior therapy with a murine monodonai antibody. 
7.10 Patiente with e history of sutolmmuna hepatii'e or hbtofy of autoimmune 
diaeeae. 
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8.2 



TREATMENT PLAN 

e. 1 Accrual Rito: Th« expectad annual accrual rata la 20 patiants. 
F{ab')i Adminlmtlen: 
8.2.1 2 ms mcnedonal antibody MX3S FCab*)a wiD be rtdlciabaled with 
^*M. The maw mount of MX35 F(ab')j wiB ba fixed at 2 rng. Tha 
initial doce of "M wilt ba 30 mCl. lodine-131 doaa will t^e ascalated 



Dos* 


Teui Doso 


NO. of 
patianti 


D«y» of injteiien 
(OoAoof^M) 


1 


30 




1(30) 








2 


60 


>3 


1(30) 


4(30) 




* 


3 


80 


>3 


1(30) 


4(30) 


8(30) 




4 


120 


>3 


1(30) 


4(30) 


8(30) 


11(30) 



wall aa for doalmatrtc asttmataa. 10 mCl Tc-flSm HSA 
wfii b« fnfuaad alono with tha ''M-MX3S F(Mb\. A 2 mi 
sampla of parttonaal fluid wilt be obtainad 18 minutas. 

1 hour and 2 hours after oomplatlon of ttia Infustoa 
to aflow dotarmlnation of mAb and ip fluid kinstica. A 

2 ml aampla of bbod wlli ba collaoted at tha aame 
tunaa* 

8.2.2 Patiami will racaivt ^^"UMX38F(ab%intraparttonMl}y. Infuaion will 
ccnalat of '*'l*MX3S F(ab'}, doM dllutad in 1 00 mJ of 8% huma;n 
aenim albumin daltvarad aa a 30 minuta conttnuoua intraparitonaal 
Infuaion, fbilowad by 800 ml of nonnai aailna. Up to an addWonai 
ona Utar of nomial aaflna will aubaaquantly ba infUaad. Tha t^tar 
voiuma of intraparitonaal fluid adminiatarad will not axcaad two (2) 
iNara, and will ba raoordad. 

8.2.3 An adminiatrationa of '"t*MX38 P{ab')aWiil ba parfomiod undar 
cOntcal obMrvallon In tha Adult Day HoapltaL A eraah cart with 
madlcationa fbr tha traatmant of anaphylaxia will ba immadiataly 
avanabta. 

8.2.4 Radiation safaty pracautiona win b« obaan^d by all partonnal at 
outtlnad in tha appandad guidannas. Patiants win ba kapt in tha 
Adult Day Hotpital unfl clttrad by a membar of tha Radiat^n 
Safaty Sarvica. vs/to do net axpact any patiant to roquira mdlatlon 
iaolation. 
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1.3 Durmlion of Trtttmtnt 

8.3.1 Toxteit/: Patisnts will b% obMrved for toxicity for at ieut eight 
weeks before dose Mceiation it carried out 

8.3.1.1 If no Orada 3 or 4 toxicity it observed among the 
inttial tnree patients placed on a dote level, the dots 
will be eacalatad for ina auccaasrva group of three 
pitienta. 

8.3.1.2 If one Instance of Qrade 3 or <3rade 4 toxtdty :a 
observed among the initial three patients placed on a 
dose level, three additionai patients will be treated at 
that level If no further inatancea of Grade 3 or 4 
toxicity are obeerved, the doae will be escalated for 
the tuccettive group of three patients. 

8.3. 1.3 If two inatancat of Grade 3 or Grade 4 toxicity are 
Qbaen/ed for a given dote ievet, three additional 
patients wii be treated at that level, if no further 
instances of Grade 3 cr 4 toxicity are observed, the 
dose will be deterniined to be the MTD. and no 
further doae escalation wfll be cerhed out 

8<3.2 Retreatment None. Patients wIO rsoehre only one course of 
therapy. 

8.3«3 Further therapy: After recovery from toxicity if any. and not 
earlier than 6 weeks or later thsn 12 weeke efter the last dose of 
^*M-MX35 F(ab'],, they wiD reeaive Intraperfteneal chemotherapy if 
eligible. 

8.4 CA.t28 and KAMA 

HAMA may interrara wtth ca.126 meaaurementa. The aanim for CA«12S 
will be batched and at the time of meaaurement lOyL of lOpo/ml of Mxas will be 
added to the assay to offset any talse elevations of tumor mancar evaluation. 

8.5 Imaging 

Gamma camera imaging of ell patients will be carried out in the Nuclear 
Medicine aervioe. Anterior artd posterior imsgee will be obtained the day of the 
first Infusion; before and after aubaequent Infustona; daQy until ail infUsiona are 
complete; and three days after the laat infusion. Imegea will be designed to 
estimate quantitative dls^utlon of radioactivity In the perttoneei cavity, and to 
eatimata kineiica of radloaeflvlty transfer into ti>e systemic drcutadon. SPECT 
imaging of relevant areat wtl be earned out aa deemed necessery. Deiiy imaging 
tlnne la not expected to be gneetar than 2 hours. 
8.8 Whole body doundns 

VMioie body counts will be obtained whenever the patient is !n the Nudear 
Medicine service. These oounts will be obtained uaing the atandard whole body 
counting crystal (with, if necessary, an eppropriats teed shield) es well ea with a 
radiation survey meter. The former will provide pereent retention estimatee while 
the latter will measure mR/h et l meter. 
8.7 STUDY PARAMETERS Bee Appendfac A. 
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CRITERIA FOR REMOVAL FROM STUDY 

9.1 Progressiva diiaat* after a minimum of 6 waaks at daflnad irt 14.1.5. 

9.2 (nttrcurrtnt nineu wnicn pravarrtt furthar adml.nistraticn of '"I.MX3S 

9.3 Oaciaicn of tha pititnt to wttfidraw from the study. 

9.4 Qararal or soedfie changes hi the pitlani's condlUon which render ma 
patlant unacceptable for (Urther traatment in the Judgment of the 
inveatlgator. 

MANAQEMINT OP TOXICITY 
10.1 Htatrde and Pretaetfen 

10.1.1 Radiation '"t-MX3« P(ab%: Tha long-tami toxidtiaa of 
intraporJtonaal radioiabalad MeAb therapy are net known. 
PetantlaB/ any of the chronic toaddtea ataodated with vwhele 
abdominal external beam tnerspy lueh as bovml or bladder 
fibrosis, liver dysfunction or pentonms with adhesions could 
oocur. 

1 0. 1 .2 Radlatidn Preeautiena: See Attached Radtedon Sattoty 
Preoeduie Quideilnea. Laboratory ipectmena will be labeled 
wKh mdloactlvity warning labels, and will be transported to 
the Nueiear Medicine 1^ by authorized peraenneL 

10.1.3 MeAb MXU PCabOr'TTtaie has been minimal toxicity with 
the dinicai adntinlstntfon of murine monoelortai cntibcdiea 
in over 400 pedants studied at this Institution. Ovar 20 
pitiants have received either mteet or fragmented MX3S 
wMheut sida e ff e Btn . one of theee patients (who received 10 
mg **M'MX35 FCab*}, IV) had an idloayneratic. tranaient 
hyperihyndldiam. felt pessibty to be due to stable iodine 
tcxidty (JM^SMdow Syndrome). No such toiddty has been 
•sen in over 500 patients traatad at thia inatltutlon with 
comperabie doaes of atabie lodMe. 

1 0. 1 .4 Menaeement ef lexieity from MX38: Bronchotpasm and 
anaphylexis are rare oempiicationa of murine MoAb infusion. 
Should aueh occur, the MoAb infusion will be immedleteiy 
stopped and epinephrine SC, tteroMi. rsspiretery 
aasittanee end other resuedtative maaauret undertaican. 
No further MoAb win be given to auch a patient. 

REPORTINO OP ADVERSE REACnONS 

11.1 Known texleltiae from "^l-MXM P(eb'}, 

Per the purpeat s ef reporting ADRi, tha fbliewing are considered to be 
Icnown toiddties of the aQent baing etudled: fever, dlarrtiea, pcncytopenia 
sno pentenitis. Rapaated sdminiatratien of murine MoAbs can reauit in 
allergic reacdent including sanim sickness end snsphyiaxie. 
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1 1.2 Advtric dnjs refidions (AORt) tc ^'M-MX35 FdbOiant to b% neportad 
promptly to ihfl Institutional Review Board. Tht foltowing «ch«m« !• to 

fellOWtdl Pp«v1ou^Iv unknown Qrad# 7 tnd Qrmda S 

riiCtlQnt ar« to b« ntporttd within 10 working diy^. Qr«d# ^ rgaejloM 
aw4 B^tUw^daaiKa wwhSo on trtatHMHt sro to be reported within 24 hours. 
A written report it to follow within 10 working days. 

1 2 ADEQUACY OF TRIAL! 

12.1 Patlenta wt!l racatva tntraparitonaal chamotherapy after recovery from 
toxicity if any > 0 wteka after last dote of ''*i-MX3S FCab']^. 

12.2 Patienta will not be retreated with '''t-MXS5 F{abV 

13 CRITERIA FOR THBRAFEimC RESPONSE 

Therapeutio rsaponeet are not the end point in thie Phase ! stud/. However, we 
will evaluate for response during the dose escalation portion of the study. 
Further, aa all patienWwill have i 0.6 cm diameter disease, oonventionel 
imaging studlee will have llmitsd value in the aaaeecment of extent of diaeese 
and/or raaponae. Serum OA 128 maaaurements may be used to monitor disease 
atatua in patienta with an initial •lavated value. 

13.1 Patiarna WITHOUT bidlmensionally maatursbfe dlsssse are evaluabl* by 
CA-12S. Crtterta for evaluating diaaese atatus with CA-125 laveia are 
drawn from 'Tumour marKera", by QJ.8 Ruaifn, van dar Burg, and 
J. 8. Barak. 

1 3.1 . 1 Compieia Reeponse (OR): Nomialaeatton af the CA*12S for 
3 euooesaive evaiuationa, two weeks apart. 

13.1.2 Partial Response (PR): A 60% fell in CA*126 after 2 aamples 
eenflnned by e fourth eampie, two weeks epart; er a aerial 
fsH of 60% over three sampiee» two weeks epert; or a s«ria! 
fall over three semptea to tess than 26K of the first eampie. 

1 3. 1 .3 Stabilization (STAB): Patients who do not meet the criteria 
for PR or PROQ for at least 90 days y^i be listed in a stable 
diseaaa category. 

1 3.1 .4 Prognassion (PROG); A 29% rise In CA-12S after 2 aamples 
oonfirmed by a fourth sample, two weeks apart: or a serial 
rise of 30% over throe samples, two weeka apart or 
elevation above 1 00 y/mi for over 2 months. 

13.1.5 Perfermenee Statue: A KamoMcy performance statue score 
win be aasigned when evslueting patient. This will allow for 
changes In CA.125 to be correlated with changee In 
performaf>oe statue. 

1 3.2 Duration of raaponae: 

Non-maaaursble petlenta: Tbne llrom which the CA«':2S la first noted to 
have decreased by z 80% for thr«a successive evaiuationa until a greater 
than 60% ir)cresee from the nadir value Is documented en three 
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succe»ttv« dattnuinttions. 
1 3.3 Patitnti without iviiuablv dfiMsa will b* tSMiaad fbr texlel^ 
•lona. 

14 CONSENT PROCEDURES 

All patients will b« requiftd t© tign a ttatamtnt of inforrred consent. 

18 STATISTICAL CONSiOEAATIONS 

Thia i« a Phase I trial design, aimed to find the MTO of "'l-MXSa F(ab'), 
nvinodonai antibody. The dose etcalaticn •ehsme is standard. At any dose level 
an Initial 3 padenti will ba treated. If no Grade 3 or 4 toxicity is observed, dose 
escalation wtfl occur, tr 1 or 2 toxlcttlas 2 Grade 3 are observed, 3 more pstlenK 
will be added at thf ume level. Ooea win be escalated n onty i of the 6 treated 
has > Grade 3 toxfdty. The MTO" Is the maxlnmm dose it which at most 1 out of 
three. If only three vrere treated at that leval. or 2 out of 0 show toxicity. The 
following gives the probability of asealatlen for s given true probabUity of toxicity. 

Probability of Tojddty 10% 20^4 30% 50% 75% 

Probability of Escalation gi% 71% 40% 17% 1.6% 

Since each dose teve< tskss a maximum ef 6 pstiants, assuming 4 dose levels, 
;his trial would need a minimum or 3 psVentt snd a maximum of 24 patlema. 
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FIGURE 1 
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FIGURE 3 
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I^JTRODUCnON 

In the treatment of advanced epithelial ovarian cancer, the combined effect of 
surgery and chemotherapy has resulted in a complete response rate of 45% as 
confirmed by reassessment surgery [11. However, the risk of recurrence remains high 
in patients with advanced disease (stages HI and IV) with 50% recurring within a 
median of 14 months after negative second-look laparotomy [21. Patients with 
residual disease detected at second-look surgery or recurrent disease after completion 
of initial chemotherapy have a poor prognosis and few, if any, are cured by currently 
available salvage therapy. The potential of radiolabeled monoclonal antibodies 
(mAb) for the detection and quantitation of metastatic spread offers significant 
benefits for the subsequent management of these patients, as weU as the possibUity to 
actually treat micrometastatic disease with antibody carrying the appropriate 
therapeutic radionuclide, toxin or drug. 

The application of radiolabeled antibodies for both radioimmunodiagnosis 
and treatment of ovarian carcinoma has been ongoing for more than 10 years [3-10]. 
Epenetos et al. [4] and Pateisky et al. [SJ used 131l and 123i labeled antibodies (HMFGl 
and HMFG2) against peptide epitopes of human milk fat globulin. Using gamma 
camera scintigraphy, they successfully demonstrated that >75% of patients having 
metastatic spread into the peritoneum imaged positively. Negative scsms were 
attributed to the absence of disease or the presence of unresolvable microscopic foci 
only. The lack of solid tumor nodules >1.5 cm in diameter would render insufficient 
image contrast to enable specific antibody binding to be detected against a non-specific 
background [111. Neither gamma camera imaging nor hand held surgical 
radioactivity probes [8, 121 exhibited the sensitivity required to detect micrometastatic 
disease (<1 cm in diameter), due to insufficient contrast (rarely >10:1) of radionuclide 
activity accumulation within the tumor relative to the peri-tumor region [111. 

Micrometastatic disease may, therefore, remain undetected by conventional 
nuclear medicine procedures. Moreover, in biodistribution studies using biopsied 
specimens, the presentation of radiolabeled antibody uptake and dosimetry as an 
activity per tmit gram of tissue can be in significant error. This is because of the small 
size of the biopsy and the presence of orUy clusters of tiunor cells within a large 
region of stromal tissue, endothelium and hematopoietic cells. Thus, including non- 
tumor cells in the activity per unit gram calculations can greatly dilute the tumor 
specific activity. 
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In order to explore ways around this problem, we have examined the use of 
storage phosphor screen technology to determine the distribution of radioactivity in 
surgical specimens obtained from an ongoing antibody imaging trial on the use of 
the radiolabeled murine monoclonal antibody (mAb) MX35 F(ab )2 fragment in 
patients with ovarian carcinoma having minimal residual disease. Digital images 
from scanned storage phosphor screens were compared with autoradiographic 
images obtained using film techniques and MX35 antigen localization determined by 
indirect immimohistochemistry in order to confirm the specific uptake of 
radiolabeled-mAb MX35 F(ab')2 to tumor cell foci. The data from phosphor digital 
images were used to evaluate the radionuclide distribution and to estimate 
accumulation in micrometastatic tumors, adjacent non-tumor tissue and other 
normal tissue samples. These estimates of tumor specific activity and radiation dose 
measurements were compared with traditional estimates of the percentage injected 
dose per gram of tissue (%ID/g) by well scintillation counting. 
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MATERIAL AND METHODS 
Patient Selection 

Patients in this study had undergone prior surgery for epithelial ovarian 
cancer and had completed a prescribed course of platinum-based chemotherapy. 
Eligibility criteria included: known or suspected carcinoma of the ovary, a Kamofsky 
performance status greater than 60, no prior administration of murine mAb or 
fragment, and /or a negative human anti-murine antibody (HAMA) titer. Informed 
consent was obtained from all patients before participation in the study; the study 
and consent forms were approved by the Institutional Review Board of Memorial 
Hospital (IRB 94-13). Prior to participating in this trial, either paraffin-embedded 
tumor specimens or fresh, frozen tumor specimens from an earlier surger>' were 
examined by immunohistochemistry for expression of the MX35 antigen on at least 
75% of the carcinoma cells. The tissue specimens from six patients, who have 
participated in the ongoing monoclonal antibody imaging trial prior to a second-look 
surgery, are summarized in Table 1. 

Preparation of Radiolabeled Monoclonal Antibody MX35 F(ab*)2 

Monoclonal antibody MX35, a murine IgGl, was generated from the 
hybridoma fusion of NS-1 murine myeloma cells with splenocytes from a mouse 
immunized with 4 fresh ovarian carcinoma specimens [131 and purified as described 
previously [141. For fragmentation, purified mAb MX35 IgG (2 mg in 400 was 
dialysed overnight in 0.1 M citric acid buffer, pH 4.5. Pepsin (25 fil of 1.5 mg/ml; 
Sigma Chemical Co., St Louis, MO) was then added to the antibody and digested for 3 
hours at 37^C with agitation. F(ab*)2 fragments were isolated using an Avid Chrom 
F(ab')2 Kit (UniSyn Technologies Inc., Tustin, CA). High yield binding buffer (250 ^ll) 
containing 30 ill of anti-pepsin was added to the antibody-pepsin combination- The 
entire sample was diluted vath 220 |xl of high yield binding buffer and centrifuged to 
2000 rpm for 15 minutes and the supernatant was placed on a protein- A-Avid 
Chrom cartridge. The unadsorbed fraction was concentrated using a Centricon 30 
unit (Amicon, Beverly, MA) at 1075 g at 40C. The final antibody concentration 
obtained was 9.3 to 13.6 mg/ml. The identity of the fragments was confirmed by 
sodium dodecyl sulfate poly aery lamide gel electrophoresis under reducing 
conditions; staining of the gel with Coomassie blue, revealed bands of 23 kD (light 
chains) and 25 kD (cleaved heavy chains). 

The mAb MX35 F(ab')2 fragments were radiolabeled with iodine radionuclides 
using the chloramine-T method as follows: Two milligrams of antibody fragments 
were added to 0.5 ml of 0.10 M phosphate buffer, pH 7.4. To the radionuclides, 131 1 
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and 125i^ vvas added 100 nl of phosphate buffer and this solution was added to the 
antibody fragment solution. Chloramine-T (2 Mg/ml) in phosphate buffer was added 
and after 2 minutes the reaction was quenched by addition of 50 nl sodium 
metabisulfate (10 jig/ml). The protein was separated by passage through a Biogel P6 
column (iO ml; BioRad, XXX) using 1% human serum albumin in 0.15 M NaCl as 
eluant. Terminal sterization was achieved by filtering through a 0.22 micron Hlter. 
Immunoreactivity of the labeled product was determined by sequential absorptions 
with an antigen-expressing cell line (OVCAR-3). Between 50 to 65 percent of the ' 
radioactivity was adsorbed using the method described by Mattes et al. [15J. Percent 
labeled protein was determined by thin layer chromatography and incorporation of 
radiolabeled iodine into protein were >95%. All procedures were performed 
aseptically with pyrogen-free material. 

Administration of Radiolabeled Monodonal Antibody MX35 F(ab')2 

Beginning at least 24 hours prior to antibody administration and continuing to 
the time of surgery, patients were treated orally with 10 drops of a saturated solution 
of potassium iodide three times daily. 131l/125i.iabeled mAb MX35 F(ab*)2 was 
administered by intravenous (IV) route in a 0.9% sodium chloride solution 
containing 5% human serum albumin (total volume 100 ml) through a 0.2 micron 
Millex G-V filter (Millipore, Bedford, MA) over a period of 1 hour. Radiolabeled 
mAb MX35 F(ab')2 was administrated by intraperitoneal (IP) route as follows: 500 ml 
of 0.9% sodium chloride was delivered using a catheter or a pre-existing IP port into 
the peritoneal cavity to facilitate antibody distribution; 100 ml of radiolabeled 
antibody was added in the same solution as the IV route; and an additional 500 ml of 
0.9% sodium chloride was delivered. Five patients were entered at the 2 mg antibody 
dose labeled with both 131l and 125l. Three patients were injected by IV route and 2 
patients by IP route. One patient was entered at the 10 mg antibody dose [2 mg of 
radiolabeled antibody plus 8 mg of unlabeled mAb MX35 F(ab')2] and injected by IV 
route. 

Blood Samples and Tissue Biopsies 

Blood samples were drawn pre-infusion of radiolabeled mAb, post-infusion (1 
to 4 hours), inunediately before surgery in order to compare radiolabeled antibody 
levels in the blood with those in the biopsied material, and 4 to 7 days post-surgery. 
Whole blood was centrifuged at < 2000 rpm for 10 minutes, serum was aspirated, and 
one ml of pre-surgery serum was weighed and counted in a Packard Cobra well 
scintillation counter (Packard Instrument Company, Dotmers Grove, IL). 

Multiple biopsied specimens including adjacent normal tissue (fat, muscle 
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and/or peritoneal wall) were retrieved from 6 patients during second-look surgery as 
summarized in Table 1. Fresh surgical biopsies were divided as follows: One half of 
each specimen was paraffin-embedded and used for routine histologic evaluation in 
our Department of Pathology. The other half of each biopsy was weighed and 
counted in a Packard Cobra well scintillation counter and then snap frozen in liquid 
nitrogen, embedded in Optimal Cutting Temperature (OCT) compound (Miles 
Laboratory Inc., Elkhart, IN) and stored at -SOOC. A proportion of the frozen surgical 
biopsies from each case were cut using a motorized cryostat (Bright Instrument Co., 
Huntingdon, England, UK) and air dried onto microscope slides. Adjacent tissue 
sections (6 micron thickness) from each biopsy were then analyzed for MX35 antigen 
localization using an indirect immunoperoxidase procedure and for radionuclide 
distribution by autoradiography using film and storage phosphor screens. 

The number of coimts per minute (cpm) were obtained in two windows 
centered at 25 keV for 125i and 364 keV for 131i. xhe cpm was converted into activity 
by measuring 125i and l^^I standards alongside the tissue specimens. The %ID/g for 
each radionuclide was determined for the blood and each tissue biopsy by dividing 
the specific activity (i.e., |iCi/g) by the activity administered to the patient and 
multiplying by 100. 

Immunohistochemical Analysis and MX35 Antigen Localization 

Frozen tissue sections were fixed with cold acetone and analyzed for reactivity 
with mAb MX35 as described previously [16]. Antibody staining patterns were scored 
in a semiquantitative fashion. Specimens were classified as showing strong (+++) 
antigen expression when 75% or more of the tumor cells were stained, 
heterogeneous (+ to ++) expression when 10 - 75% of the tumor cells stained, and no 
expression when negative or less than 10% of the tumor stained. 
Autoradiography using Film for Distribution of Radionuclide Activity 

Autoradiography was performed using Kodak X-OMAT AR film (Eastmar\ 
Kodak, Rochester, NY). Tissue sections were covered with Saran wrap and overlaid 
with film alone or with an enhancer screen for exposure durations of between 1 day 
to 14 days. Films were developed in a Kodak RP X-OMAT processor (Eastman 
Kodak). Film images were digitized using the Nikon CoolScan (Nikon, COMPANY) 
and compared to the digitized 35 nun Ektachrome film images of adjacent tissue 
sections immunostained with mAb MX35. Co-registration of the serial sections 
permitted visuahzation of the radiolabeled antibody activity over regions of tumor 
cells and non-tumor tissue. 
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Autoradiography using Storage Phosphor Screens for Distribution of Radionuclide 
Activity 

For the analysis of storage phosphor screen images either a Model GS-250 or 
Model GS-350 Molecular ImagerTM system (Bio-Rad Laboratories Inc., Genetics 
Systems Division, Hercules, CA) connected to a Macintosh XXX computer system 
(Apple Computers Inc., Cupertino, CA) was used. The storage phosphor screen (type 
BI) is fabricated from strontium sulfide commingled with elemental cerium and 
samarium (SrS; Ce, Sm) [171 The interaction of ionizing radiation with the storage 
phosphor screen excites electrons into the conduction band from which they fall into 
electron traps. Quantitation of the number of fUled traps is proportional to the 
amount of energy deposited in the screen. The detector signal is read out using an 
externally applied scanning laser (pulsed infrared diode at 910 nm) which scans the 
screen releasing the electrons from their traps, pixel by pixel. The process of electron 
de-excitation results in the emission of fluorescent photons, which are coUected in a 
fiber optic pipe and counted using a photomultiplier tube. The resultant signal is 
processed using an analog to digital converter which provides the firud 10 to 16 
Mbyte image at 16 bit per pixel. The phosphor image data were analyzed on a Power 
Macintosh 7100/66 (Apple Computers Inc.) using Molecular AnalystTM/Macintosh 
(Version 2.0) data analysis software (Bio-Rad Uboratories Inc.) and the pubUc 
domain NIH Image (Version 1.55) program (written by Wayne Rasband, U.S. 
National Institutes of Health) which is avaUabie from the Internet. 

Tissue sections were covered with Saran wrap and then clamped against a 
storage phosphor screen in a Ught-tight cassette for a preliminary exposure duration 
of 24 hours and a second exposure duration of 4 to 16 days. The storage phosphor 
screen was erased after image read-out by exposure to infrared Ught for 15 minutes, 
and erased a second time immediately before re-exposure to the samples. 
Calibration of the Storage Phosphor Screen using Radionuclide Standards 

A storage phosphor screen image corxsists of a 2-dimensional array of 
intensities. The conversion of these intensities into specific activity units requires 
calibration of the storage phosphor screen response. The screen response was 
analyzed with three sets of radiolabeled standard sources. Strips containing graded 
standards of 14c (RPA.504 and RPA.511) and 125i (RPA.523) for autoradiographic 
calibration were purchased (DuPont, New England Nuclear COMPANY). The 
commerical 125i standards embedded in polymer were quoted at 20 \tm tissue 
equivalent thickness. A set of 131i standards were made by dilution of a stock 
solution containing a known activity of 131i as follows: Eosin Y (1% alcohoUc 
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solution; Polysciences, Inc. Warrington, PA) was added to the radioactive solution, 
which was then mixed with the OCT compound until a imiform coloration was 
achieved. The samples were weighed and counted and the relative specific activities 
of the two blocks determined to be 0.536 fxCi/g and 4.680 jiCi/g respectively. The two 
standards were sectioned at 6 mm thickness and dried onto microscope slides in 
the same way as the tissue sections prior to exposure to the screen for 24 hours. The 
response of the phosphor screen was determined to be 1814, 4740, and 830 counts per 
day (cpd) per pixel for ISlj^ 125i and respectively for a source of 1 ^iCi/g specific 
activity. The higher sensitivity of the storage phosphor screen means that exposure 
times are typically between 5 to 10 times shorter than film for the same image quality 
118]. The standards were placed alongside the iodine standards to evaluate the 
constancy of the storage phosphor screen over a long period. 

The storage phosphor screen exhibits a slow signal fade during the signal 
acquisition time. Thus, for each sample exposure time, it was required to convolute 
the signal accumulation with the signal fade. The fade characteristics were 
determined by repeatedly exposing the screen to the standards for the same one hour 
duration, and varying the interval before reading the screen, from immediate up to 
14 days. The correction factor to account for signal fade (F) is given by the 

Q e-^'^ . e-^p(t - dl, where is the rate of signal loss 

attributed to fade obtained by fitting the signal counts per day versus the time 
interval from exposure to read-out and Xp is the physical decay constant for the 
respective radionuclide. Solving the integral, one obtains 

F= e->T*o[i - e-(^-Vto] / (>T-M- 

The rate constant Xp for phosphor screen fade was found to be 0.0967 per day. 
Inserting the decay constant Xp for 131i^ the above equation becomes 

F = e-0 0862 to [ 1 - e-0.0105 to] / 0.0105, 
where to is the time in days the phosphor screen is exposed to an l^^I-labeled 
specimen. 

Estimation of Dosimetry using Storage Phosphor Screens 

The radiation dose is directly proportional to the cumulative specific activity 
of the radiolabeled antibody in the tumor. The dosimetry estimates presented in this 
paper were derived from the storage phosphor screen images. The film 
autoradiographs were used for high resolution visualization only. We assumed a 
biological half-life (Tb) in the tumor of 15.5 hours for both IV and IP routes of 
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injection [19]. This estimate was based upon measurements with the same 
radiolabeled 13lMabeled mAb MX35 F(ab')2 in a murine xenograft tumor model 
with OVCAR-3 human ovarian cancer cell line. This half-life is reasonable for 
F(ab')2 antibodies used in the treatment of ovarian carcinoma as evidenced by 
biological half-lives reported in patient trials after intraperitoneal injection with 
other radiolabeled mAbs, e.g., Tfa = 21 hours for Ulin-mAb OC125 [20] and Tb =14 
hours for 186Re.mAb NR-CO-02 [211. The physical half-life (Tp) is 8.04 days for 131l 
and 60 days for 125i. -n,e biological half-life results in an effective half-life (Tg) 
where Te = Tb- Tp/(Tb + Tp) = 14.3 horns for 131l and 15.3 hours for 125i. this 
clinical trial the principal radionuclide dose contribution came from either 125i 
(Cases 1 and 2) or 131l (Cases 3 - 6) and the calculations which follow focused on the 
dosimetry for the appropriate radiolabeled mAb MX35 F(ab')2. 

The "peak" specific activity in a biopsy specimen is back extrapolated from 
measurements of the whole biopsy by well scintillation counting, at 1, 4, or 5 days 
post infusion of the radiolabeled antibody, using the assumption of a 
monoexponential clearance rate which equals Cq C-^Tg, where X = 0.693/14.3 hours 
for 1311 and >. = 0.693/15.3 hours for 125i and Co is the specific activity in uCi/g 
extrapolated back to time t=0. 

The radiation absorbed dose resulting from the specific activity is given by the 

integral of the specific activity Co J e->.Te over time multipUed by 2.13 ZniEi • <j)i. 
This equation consists of the product between the total energy (SniEi) released by the 
radionuclide emission, the fraction of the emission energy absorbed within the 
tumor «{)), and 2.13 which is a units conversion factor. For 131i, the sum of the beta 
ray energy emitted per decay (SniEi = 0.187 MeV) multipUed by 2.13 equals 0.398 g- 
cGy/fiCi-hr. For non-penetrating radiations, such as beta particles, it is 
recommended by the MIRD committee to use unity for the absorbed fraction (0) [22]. 
However, for a micrometastatic deposit, containing less than a gram of tumor cells, 
the value of (j> is less than one. The absorbed fractions for several radionuclides 
including 131i published by Humm [23] and Goddu, Rao and Howells [241. For a 
lOOum micrometastatic lesion, <|) is equal to 0.17, i.e., 17% of the energy emitted 
within the lesion is deposited locally. 
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RESULTS 

From an ongoing study on the localization of radiolabeled mAb MX35 F(ab')2 
in patients with ovarian carcinoma, biopsied specimens were used to compare the 
distribution of radionuclide as determined by well scintillation counting of whole 
tissue specimens with storage phosphor screen autoradiography of tissue sections. 
These specimens were taken during second-look surgery after antibody 
administration, 1 day to 5 days earlier. Biopsied specimens from 6 patients were 
analyzed (Table 1). All tumors were shown to express MX35 antigen as determined by 
immunohistochemical analysis. In total, 19 normal tissue biopsies and 16 biopsies 
containing tumor cell foci were studied in the laboratory. Tissue biopsies were 
counted for 13 and ^^^I activity in a well scintillation cotinter and cryostat sections, 
from these biopsies, were exposed to film and storage phosphor screens as outlined 
in the Materials and Methods section. 

Determination of Specific Activity of Radiolabeled Antibody in Whole Tissue 
Biopsies using Well Scintillation Counting 

The %ID/g was calculated for the whole biopsy specimens and blood sample 
for each case (Table 2). The %ID/g for biopsies with tumor ranged from 0.5 to 8.7 x 10* 
^ (for calculations) and from 0.3 to 6.4 x 10'3 (for 125t r;9lru1;«Hnns) for samples 
analyzed between 4 to 5 days post surgery. The %ID/g for 

a single tumor sample studied one day post surgery was 22 x 10'3. The tumor:blood 
ratios ranged from 0.2:1 to 2.8:1 in the patients receiving antibody by the IV route and 
3.7:1 to 5.6:1 by the IP route. The tumonnormal tissue (fat) ratios ranged from 0.9:1 to 
39:1. The tumonnormal tissue ratios were greater in the two patients (cases 4 and 5) 
receiving antibody via the IP route. The percentage of tiunor cells within the biopsy 
specimens was variable, ranging from <10 % to >75% of a sample (Table 1). In 2 of 6 
cases (c2ises 2 and 4), greater than 50% of the biopsy consisted of tumor foci and in 
these cases the tumor:normal tissue ratios were significsmt (18:1). In 3 of 6 cases, less 
than 20% of the biopsy consisted of tiunor foci and the tumor:normal tissue ratios 
were in the range between 0.9:1 to 8.9:1. One specimen (case 5) with <10% tumor cells 
in the biopsy had the highest tumonnormal tissue ratio of 36:1. 
Immunohistochemical Delineation of Areas of Tumor Cells in Tissue Sections and 
Comparison with Film and Storage Phosphor Screen Autoradiography. 

The autoradiographs from film and storage phosphor screens provide an 
image of the distribution of radionuclide devoid of its relation to the histology of the 
tissue section. Co-registration of phosphor images and/or digitized film images with 
the digitized Ektachrome images of tissue sections, stained by immunoperoxidase 
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using mAb MX35 for antigen localization, allowed visual assessment of the efficacy 
of radiolabeled mAb targeting. Film images of tumor and normal tissue sectiorw 
were available for 6 cases. Clusters of tumor cells were clearly detected by film 
visualization in 5 of 6 cases; in the other case single tumor cells and small clusters of 
<10 tumor cells were weakly detected by film (case 3). Phosphor scrwn images were 
analyzed for tumor and normal tissue sections in 5 cases; single tumor cells and 
small tumor cell islets did not image clearly in case 3. 

Analysis of adjacent tissue sections confirmed the coincidence of the 
radiolabeled mAb MX35 F(ab*)2 to regions of MX35-positive tumor cells. Figures 5-7 
illustrate the results from three cases comparing film with storage phosphor screen 
images. Figure 5 illustrates a small laparoscopy specimen (case 2) with >80% of the 
specimen having strong MX35 antigen expression on the serous type ovarian 
carcinoma cells at high power (Figure Sa). Co-registration of the tissue section 
immunostained for antigen localization (Figure sb ) with both the film 
autoradiographic image (Figuressc ) and the digital phosphor screen image (Figure 
5d) shows variable intensity in the areas of radiolabeled mAb accumulation. Figure € 
illustrates a para aortic lymph node specimen (case 5) with a micrometastatic tumor 
cell cluster from a poorly differentiated ovarian carcinoma detected by 
immunostaining for antigen localization at high power (Figure 6a) and low power 
(Figure 6b). The film image has saturated at the 7 day exposure (Figure€c ). The 
phosphor screen image has a greater dynamic range and therefore does not saturate 
(Figure 6d). The one day film and phosphor screen images showed specific 
radionuclide localization to the same clusters of tumor cells as detected by 
immunostaining (data not shown). Figure 7 illustrates an endometrioid carcinoma 
of the peritoneum (case 6). A micrometastatic tumor cell cluster was foimd near the 
surface of the ovary (upper panel) and multiple clusters of tumor cells were detected 
adjacent to the Fallopian tube epitheUum (lower panel). The small lesion in the 
ovary (Figures 7a and 7b) is specifically targeted by radiolabelled mAb MX35 F(ab')2 as 
seen in the autoradiographic film and phosphor screen images (Figures 7c and7d )• 
Note that the Fallopian tube epithelium expresses MX35 antigen along the apical 
surface (Figures 7eand7f) but the radiolabeled antibody preferentially localizes to the 
tumor cell clusters (Figures 7g, and 7h). 

Determination of Specific Activity ot Radiolabeled Antibody Within Tissue 
Specimens using Storage Phosphor Screens 

Line profiles were drawn so as to traverse regions of micrometastatic tumor 
cell foci which impregnate the regions of normal stromal tissue. Ratios of the "peak" 
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response (converted to cpm or cpd) overlying the MX35-positive tumor deposits 
relative to the normal stromal tissue background can differ significantly, as 
illustrated in Figure 8 from case 4. By correcting the signal accumulation for physical 
decay and signal fade the "relative" specific activity for regions of iriterest within the 
phosphor screen image are obtained. These estimates render an assessment of the 
local relative specific activity of the radiolabeled antibody in the tumor and adjacent 
normal tissue within a tissue section. Estimates of the tumor activity was compared 
with measurements of the average activity per gram for the whole biopsied 
specimen from a well scintillation counter (Table 3). 

The phosphor screen images were analyzed retrospectively for all patients, 
after ascertaining the phosphor screen response, i.e., the counts per day per pixel per 
vmit specific activity, as a function of exposure duration from standards. ^^^i, 
and standards were exposed alongside sections of both normal and tumor tissues 
for patients 5 and 6. This allowed the unknown activity distribution in the biopsied 
specimen to be determined by direct scaling from the known activity of the standards 
and the ratio of the radionucUde response. The validity of our approach to patients 1 
to 4, who were studied prior to the simultaneous exposure to standards, was verified 
by estimating the specific activity for patients 5 and 6 using both methods. The ratio 
between the values obtained by the new method involving simultaneous exposure 
to standards, to the previous method, by applying the known response and fade 
characteristics of the phosphor screen, was 0.86 and 0.95 for cases 5 and 6, respectively. 
Estimation of Dosimetry Within Tissue Specimens using Storage Phosphor Screens 

Tables 2 and 3 summarize the dosimetry results for mAb MX35 F(ab-)2 in 
tumor biopsy samples and normal tissues. The %ID/g and range of Uimonnormal 
tissue ratios determined by a calibrated well scintillation counter on the day of 
biopsy, are presented in Table 2. In Table 3, the %ID/g from Table 2 are compared 
with estimates of local activity data derived from storage phosphor screens. 
Assuming an effective half life of 14.3 hours for 131l and 15.3 hours for ^^l, the 
%ID/g of tissue was back extrapolated to zero time and the cumulative specific 
activity calculated, i.e., the area under the curve using a monoexponential clearance. 

The radiation dose estimates derived from the well scintillation counter 
measurements for the 4 patients showing good radionuclide locaUzation to MX35- 
positive tumor cells were 70.1, 10.9, 106.3 and 7.7 cGy/mCi for patients 2, 4, 5 and 6, 
respectivelv- These estimates assume a uniform distribution of radionucUde activity 
within the 'tumor and do not take into account the complex microscopic distribution 
of the activity at the cellular level. The dose deposited in small microscopic foci of 
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disease would be substantially reduced below estimates based upon the assumption 
of charged particle equilibriiun [231 as a consequence of the small fraction of energy 
emanating from the high energy p-particles of 131l, which is deposited locally. The 
fraction of 131l p-ray energy locally absorbed within a lOOjim diameter lesion is 0.17 
I24J. This would reduce the dose estimates to only 8.9, 1.85, 18.07 and 1.31 cGy/mCi of 

injected for patients 2, 4, 5 and 6, respectively. However, the storage phosphor 
screen autoradiographs show that the activity is not uniformly distributed through 
the biopsied specimens, but that "hot spots" of activity accumulate at the microscopic 
tumor lesions. From analysis of the counts per day overlying the hunor regions from 
the phosphor image data, we observed that specific activity was greater in tumor by a 
factor of between 4 to 12 times that predicted /estimated from weU counter 
measurement. This is because the well counter averages the activity per gram over 
both the tumor and stromal cells of the biopsied specimen. The %ID/g determined by 
the well counter and storage phosphor screen techniques are summarized in Table 3 
alongside the dose estimates to the micrometastatic deposits by both methods. The 
absorbed doses determined by the storage phosphor screen are mostly greater than 
those predicted from the well coimter method, even after consideration of the 
reduced absorbed fraction in a microscopic lesion. The phosphor screen method 
provides information about the activity distribution at a single time point from 
individual tissue sections and allows estimates to be made of the doses, that can be 
achieved within microscopic disease per mCi of 131l-mAb MX35 F(ab')2 
administered. 
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DISCUSSION 

In this study, we evaluated the radiolabeled antibody uptake of the murine 
mAb MX35 F(ab*)2 in biopsied samples from patients with epithelial ovarian cancer 
by well scintillation counting and by autoradiography using storage ,phosphor screens. 
Specific localization of mAb in tumor was demonstrated by co-registration of the 
immunohistochemical staining in areas of tumor cell clusters with autoradiographic 
film and phosphor screen images. In all specimens with micrometastatic spread, 
radiolabeled mAb uptake showed specific localization to the carcinoma cells (Figures 
5-7). Factors, other than antigen distribution, are involved in the localization of 
radiolabeled antibody in tissues. In this study we noted that antibody localized to 
tumor cell foci but did not accumulate in the adjacent normal antigen-positive 
Fallopian tube epithelium (Figure? ) in the tissue sample. In this case accessibility of 
the antibody to the luminal side of the ducts may be limited. 

The radiolabeled antibody uptake (7oID/g) determined by well scintillation 
counting (1 to 5 days post mAb infusion) ranged between 223.5 to 5.2 x 10*^ %ID/g of 
tissues for 131l and 210.9 to 2.9 x 10-^ %ID/g for 125i. There was a general relationship 
between the radiolabeled mAb uptake in the tumor biopsy and both the level and the 
intensity of the immunohistochemical expression of the MX35 antigen in the 
corresponding tumor tissue section. Specific localization of mAb in tumor was 
demonstrated by tumorinormal tissue (fat) ratios ranging from 0.9:1 to 35.9:1 for 131i 
and from 0.9:1 to 39.0:1 for 125i. Significantly higher tumor:normal tissue ratios were 
calculated for the two patients given radiolabeled antibody by the IP route (e.g., 17.7:1 
and 35.9:1 for 131i). These results can be compared to an earlier clinical trial in which 
mAb MX35 whole IgG was used [81. In that study, tumor samples obtained at surgery 
(7 to 20 days post mAb infusion) showed a mAb accumulation of between 67.0 to 0.3 x 
10"4 %ID/g of tissue and the tumonnormal tissue (fat) ratios ranged from 2.3:1 to 
34.4:1. The tumor:normal tissue ratios were not significantly related to mAb dose, the 
level of immunohistochemical antigen expression or the interval between mAb 
infusion and surgery [8]. Also, in contrast to the present study, tumonserum ratios 
rarely exceeded 1.0. 

Our analysis provided a measure of the specific activity of biopsied specimens 
at one single time point; namely, at the time the biopsied specimen was removed 
and frozen. Because there was no means to determine the specific activity and 
microdistribution of the radiolabeled antibody before this time, we assumed an 
effective half-life for the ^S^Mabeled mAb MX35 F(ab')2 clearance of 14.3 hours based 
on a parallel murine study performed in our laboratory 1191. Quantitative 
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autoradiography using film is complex with significant limitations, when the 
activity distribution is non-uniform, due to the Umited linear response of film [281. 
Therefore, we used storage phosphor screens which have a broader (>4 logs) linear 
response in this study. Measurements of the specific activity in the tumor, 
determined by the storage phosphor screen technique, are 4 to 12 times greater than 
those obtained by well scintiUation counter estimates from the biopsied specimens 
(Table 1). These ratios do not directly translate to the absorbed dose estimates, which 
must hirther consider the size of the tumor cell clusters, and correct for the fraction 
of local energy absorption. Such corrections to absorbed dose are not possible when 
well counter methods are used since it is assumed that the radiolabel is uniformly 
distributed throughout the specimen. The storage phosphor screen approach can 
account for local energy depositions and thereby render accurate dose estimates with 
which to predict radiotoxicity. If dose limiting toxicity to the bone marrow is reached 
foUowing a single administration of 100 mCi then the expected doses presented in 
Table 3 may be multiplied by 100. Thus, doses to the micrometastatic deposits within 
patients 2, 4, 5, and 6 could be as large as 5200, 2660, 8140 and 1470 cGy, respectively. 
In vitro studies on the radiosensitivity of ovarian carcinoma ceU lines, OVCAR-3 
and OVCA-433, have demonstrated that a radiation dose of approximately 1100 cGy is 
required to reduce the fraction of ceU survivors to 0.001, ie., 3 logs of ceU kill [281. 
Estimates of the localization of radiolabeled mAb MX35 F(ab")2 within 
micrometastatic lesions by phosphor screen techniques represent one of the most 
accurate assessments to date of the specific activity which can be targeted to 
microscopic disease. 

To improve the radiation dose estimates presented here, it would be necessary 
to determine the specific activity of the radiolabeled antibody in the himor at 
multiple time points. This information is not available for microscopic disease. 
Griffith et al. 125] proposed a method to implant thermoluminescent dosimeters, 
mounted at the tip of a catheter into tissue, in order to directly measure the radiation 
dose in situ. Yet, this method would not be readily applicable to microscopic disease, 
due to the uncertainty of the location of the himor ceUs. A method using Positron 
Emission Tomography (PET) to assess quantitatively mAb localization in situ has 
been developed and tested with 124Habeled mAb 3F8 in a patient with gUoma [26]. 
High-resolution PET has been used to localize human ovarian cancer in nude rats 
using 124i.iabeled mAb MX35 [27]. The high sensitivity of PET may aUow the 
detection of microscopic disease. However, the resolution of current PET scanners in 
the abdomen is not better than 4 mm (General Electric Advance PET Scanner, 
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Milwaukee, WI). 

When an antibody can be shown convincingly to localize to micrometastatic 
tumors, epithelial ovarian cancer affords an ideal opporturuty to use the antibody or 
antibody conjugates for therapy. The specific targeting of mAb MX35 F(ab')2 to 
micrometastatic disease as shown in this study demonstrates the potential of this 
radiolabeled antibody conjugate for such a therapeutic trial. The ability to target 
minimum residual disease may be a significant rationale for treating patients with 
refractory or recurrent ovarian cancer with radioimmtmotherapy. Small tumors 
may be more uniformly accessible to monoclonal antibody and require lower doses 
of radiation than bulky disease. Ovarian cancer often spreads superfically on the 
surface of the peritoneum where it forms small tumor foci within the peritoneail 
cavity. Extraperitoneal metastases, other than spread to local lymph nodes, are rare. 
Administration of antibody through an IP route, therefore, provides an optimal 
mode for the treatment of this disease. An additional advantage of IP administration 
is that although small tumors may be imder vascularized, they will still be accessible 
to radiolabeled antibody by diffusion from the peritoneal fluid. 

This study has demonstrated that mAb MX35, in its F(ab*)2 form, avidly 
localizes to micrometastatic ovarian carcinoma deposits within the peritoneal cavity. 
Dose estimates to microscopic lesions ranged from 14.7 to 81.4 cGy/mCi injected. 
Based on conventional radiobiology, these doses per mCi injected would be 
therapeutic in patients with minimal residual disease. 
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FIGURE LEGENDS 

5. Tumor biopsy from patierit 2 with a serous ovarian carcinoma following 
administration of radiolabeled mAb MX35 F(ab')2 (5 days earUer) by mtravenous 
route. Indirect immunoperoxidase staining with mAb MX35 at high power (A) and 
low power (B). Adjacent tumor sections of digitized film image at low power (C) and 
storage phosphor screen image at low power (D). Note the strong immunoperoxidase 
staining of tumor cell clusters and co-localization of radiolabeled mAb to the tumor. 

6. Para aortic lymph node from patient 5 with a poorly differentiated ovarian 
carcinoma following administration of radiolabeled mAb MX35 F(ab-)2 (5 days earlier) 
by intraperitoneal route. Indirect immunoperoxidase staining with mAb MX35 at 
high power (A) and low power (B). Adjacent mmor sections of digitized film image 
(saturated) at low power (C) and storage phosphor screen image at low power (D). 
Note the distribution of immunostained tumor cells between the hematopoietic cells 
and stromal tissue and localization of radiolabeled mAb to the tumor ceU area 
specifically. 

7. Tumor ceU clusters in ovary (upper panel) and FaUopian tube (lower panel) 
from patient 6 with an endometrioid carcinoma of the peritoneum followmg 
administration of radiolabeled mAb MX35 F(ab')2 (4 days earUer) by intravenox^ 
route. Indirect immunoperoxidase staining with mAb MX35 at high power (A, E and 
low power (B, F). Adjacent tumor sections of digitized film images at low power (C, G) 
and storage phosphor screen images at low power (D,H). Note that both the 
Fallopian tube epitheUum and tumor ceU clusters show strong ioununoperoxidase 
stainbig, however, the radiolabeled mAb localizes to the tumor ceU clusters on the 
film and phosphor screen images and not the adjacent normal tube epithelium. 

8. Determination of specific activity of radionucUde within tumor specimens 
from patient 4 with an endometrioid ovarian carcinoma foUowing -dnunistrahon of 
radiolabeled mAb MX35 F(ab')2 (1 day earUer) by intraperitoneal route. Three Ime 
prof^les were drawn to traverse regions of micrometastatic turnor foci wh.ch 
Impregnate the regions of normal stromal tissue (left panels). The location of the line 
profUes in the tumor biopsy are illustrated (right panel). 
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What is claimed is : 

1. An F(ab')2 fragment of the monoclonal antibody MX35. 

2. A fragment according to claim i labeled with a detectable 
marker - 

3 . A fragment according to claim 2 , wherein the detectable marker 
is radioactive. 

« . A fragment according to claim 1 conjugated to a therapeutic 



A fragment according to claim 4, wherein the therapeutic agent 
is radioactive. 

A method of detecting human ovarian cancer in a subject which 
comprises obtaining a suitable sample from the subject, 
contacting the suitable sample with an amount of the fragment 
of claim 2 effective to and under conditions permitting the 
fragment to form a complex with an antigen present on human 
ovarian cancer cells if present in the sample, and detecting 
any complexes bo formed, thereby detecting human ovarian 
cancer in the subject. 

A method according to claim 6, wherein detecting human ovarian 
cancer in the subject comprises detecting a micrometastatic 
tumor or micrometastatic tumors in the suitaible sample 
obtained from the subject. 

A method according to claim 7, wherein the suitable sample is 
obtained from the subject's peritoneal cavity. 

A method according to claim €, wherein detecting human ovarian 
cancer in the subject comprises detecting an epithelial 
ovarian carcinoma or epithelial ovarian carcinomas in the 



agent . 
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11. 



12, 



13. 



14. 



15. 



16 . 



17. 



sub j ect . 

A method of treating human ovarian cancer in a subject which 
comprises administering to the subject an amount of the 
fragment of claim 3 or claim 4 effective to treat human 
ovarian cancer. 

A method according to claim 10, wherein the human ovarian 
cancer cells comprise a micrometastatic tumor or 
m.icrometastatic tumors. 

A method according to claim 11, wherein the human ovarian 
cancer cells are located in the subject's peritoneal cavity. 

a method according to claim 12, wherein administration 
comprises administering the fragment into the subject's 
peritoneal cavity. 

A method of detecting human ovarian cancer in a subject which 
comprises administering- to the subject an amount of the 
fragment of claim 2 effective to and under conditions 
permitting the fragment to specifically form a complex with an 
antigen present on human ovarian cancer cells if present 
within the subject, and detecting the detectable marker 
labelling the antibody so complexed. 

A method according to claim 14, wherein detecting human 
ovarian cancer -in the subject comprises detecting a 
micrometastatic tumor or micrometastatic tumors in the 
subject. 

A method according to claim 14, wherein the micrometastatic 
tumor or micrometastatic tumors are in the subject's 
peritoneal cavity* 

A method according to claim 16, wherein administration 
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comprises administering the fragment into the subject's 
peritoneal cavity. 
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